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AN EXPERIMENTAL STUDY OF RINDERPEST VlRUS ll^ 
GOATS IN A SERIES OF 150 DIRECT PASSAGES ' 


■ ■ : BY ■ 

P. T. SAUNDERS, M.Pv.UV.S,, 

Director of Veterimm/ Serviccet Madras 

AISTD ■ ■ ■■ 

RAO SAHIB K. KYLASAM AYYAR, G.B.VXl, 

Superintendent^ Serum Institutey Madras, 

{With Plate I and 82 Charts.) 
fRooeived for publication on 30th July 1035.) 

In connection with the problem of combating rinderpest in India-, several 
methods of protecting cattle against the disease have been evolved from time 
to time, but the question of cost stood in the way of the serum-simiiltaneoiLs 
method being adopted throughout the country, though this method seemed to 
offer an efficient protection. In the search for a cheaper method of affording 
protection against the disease what is known as**' the goat *»vir us-alone method 
has come into prominence during the last three or four years. Stirling [1932, 
1933] has recorded his views on the use of goat virus-alone on a fairly large scale 
in the Central Provinces and Kcit and ]M.enoii [1934] have also recorded the work 
done with goat- virus-alone in Bengal. It appears that the initial supply of material 
for these goat- virus- alone inoculations was from the Imperial Institute of Veteri- 
nary Research, Miiktesar. Edwards [1927] says that prolonged and intensive 
research has led to means being devised whereby the virus can be easily propa- 
gated in goats by suceeBsive inoculation with small quantities of blood,** but 
this virus w'as then intended only '' to overcome the distressing complication 
often observed after the serum-simultaneous inoculation caused by the unwitting 
introduction of virulent piroplasms with rinderpest.” Since Koch [1806-97] 
made his observations on the behaviour of the rinderpest virus in goats, there 
Jmve been ai tempts in various parts of the world to find out the extent, if any, 
of its jiractieal application in immunising cattle against rinderpest. Bliss [1922] 
in China and Topaeio [1926] appear to have been the first to put it to practical 
use. It is generally accepted that rinderpest virus may be attenuated by Bucces- 
sive passages through goats, yet in none of the avahable literature is any mention 
made of experimental work designed to shoiv how and under what conditions 
rinderpest virus becomes attenuated through goats to such a degree as to make 
it safe for use on bovines as an immunising agent without the anti-serum. 
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TMs imper is an atteiiiipt 'to Mipply tiio 0 iJiissioii'aiid,ti>'pfooe''o the ■ 

:Fesalts of 'aii ■aiperiiBeiitai^studr a, 'mew to ' deter aiioa' 

whether successive passages of t\m virus tlirough gi>iifs would bd altar l!ie virus 
aa to luake it safe for use as a vaccine for protecting cattle against the diseaHo 
Without anti-seriiin* In other words, the aim of tlie exjiorimenfc is to liiwt oui 
; (1) Avhether there is a progressive attenuation of the virus as it passes from goat 
; goat a/t :what stage, of 'this ^tenuatioji is tliO' virus- Bafe,. for - use as. a vaec?ine^ '/ 

'for'; protecting whether • the attenuation ''through; " 
goats is so progressive as to‘ render the virus innocuous after a certain stage is 
reached, or whether the virus after a certain stage in its attenmtion becomes 
** fixed in its virulence for goats and (4) whether this ** fixed ” viriis k capable 
of being maintairbed indefinitely by passage in goats. It is obvious that these 
pointe have an important bearing on the practical application of the method, 
especially when it is intended to replace the serum-simultaneous inoculation 
which is universally acknowledged to be the best, in the field for conferring lasting 
immunity against rinderpest. 

The experiment was staried in August 11132 and was so designed as to use 
two goats for each passage and a bovine m control During these 34 inanths, 
160 unbroken passages have been completeci All the goats used in this experi- 
ment were of the typo eommanly met with in this Presidency (Piate I, Figs. 1 and 
2) andwweobtaincdlumlly, and the eonirols were uKistly buffalo-calves of loea! 
breed of the kind used at the Madras 8eruin Institute for to produce rinderpesi. 
bull ^druB for serunMimulteneoiiR moculalious. These aniuialH are of morc‘ than 
average susceptibility. A summary of the observations recorded is set out. in 
Table I appended. As it would take up a great deal of spacio if the temperature 
charts of all the cxporbiieutal animals were iiiciudcd, only 31 temperature charts 
(I— LXII) representing every iifth passage from the first to tlie loOtli in tliis series 
are included. 


'DLsacssuiN 

It will be {deserved iVoni the details rci'orded in the tabular statement referred 
to that {l.| continuiiv of passage irom goat in gnat has been possible ; (2) the 
rcaotiom in the goats havti beeti constant throughout ; (3) there has been nc^ 
difference in the mortality rate in goalB between the earlier and later passHges ; 
(4) there is very little variation in the elinictal symptoms in the ex|>crimental goats 
” ^ mj stage during these lot) passages and (5) no marked variations have been 
ptolrved in th^ pmi m^rkm tesions in the goats. Home of these findings are In 
-with the observationB of other wwkera, wliite others are at variance aa 
' will: be dkotissed later* It will farther be a^n that evidence of attenuation 
tim vltete for. bovine, in its pa^E^e throng goate, is furnished by the nature 
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Fig. 1. Type of goat (liealthy) 


2. Goata (7 days after inoGiilation,) 
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In order to compare the reaction in local goats and to study the possible \-aiia- 
tions in the course of the disease in these goats with a different strain of virus, a 
parallel series of experiment was started on 14th September 1033 with goat virus 
(spleen tissue) obtained from the Imperial Institute of Veterinary Researel), 
Mukbesar. It is not loiovm for how long this strain of virus had been main- 
tained through goats at Muktcsar before it w<is received, but this virus has 
been put through 95 dueet passages in goats at this Institute. It will be seen 
from the summary of reactions (Table II) and the temperaiiire charts, (LXIO. — 
LXXXIl) that there is harcUy any difference in the nature of the reactions, course 
of the disease and^o^if morte7?i lesions between the tv’o series of experimrmtal goats. 


Percentage of reaction in goats (Muktesar strain) : — 

Per eeiit 

Temperature . . . . ... , . (17 

Vesicles • " .' ■ ■ ■ . . . . . . ■ .$ 

Dianiioei . . ... . . . , 44 

Mortality . . . . . , . . . 95 


SUMMABY AND CONCLUSIONS 

(1) Judging from the mortality rate in the controls, there k evkhuuie ol 
attenuation of tlie virus for bo^dnes after the 80th passage through goats. 

(2) There is constancy of reaction in the experimental goats in Madras uith 
no evidence of attenuation for these animals. 

(3) All the experimental goats have readily taken the infection and there is 
no indication so far that tlie virus cannot be maintained indeiinitely through 

■■■■■goats. ■■ ■■^' ■ 

(4) Ideal attenuation for bovines cannot be said to liava been readied until 
the severity of reactions and mortality rate are reduced to the level generally 
considered necessaxy for serum “Simultaneous inoculation of animals. 

The authors wish to acknowledge with thanks, the help rendered by Mr. (1. 
Theophilus, Veterinary Assistant Surgeon, Serum Tnstitute, Madnts, in keeping 
careful records of obsei‘vationB throughout the coarse of this experiment. 
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Diarrhoea . .1 Died . . j P. M. lesions : Typical of Rinderpest. 
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STUDIES ON THE DETERMINATION OF DIGESTIBILITY 

II. THE ESTIMATION AND COMPUTATION OF DIGES- 
TIBILITY COEFFICIENTS FROM INDIVIDUAL TESTS 
AND THEIR ORDER OF PRECISION 

, ■ BY ' ■ , 

M. CARBERY, D.S.O., M.C., M.A., B.So., 

AgricuUiiral Chemist to the. Qovernmetit of Bengal, 

AND 

INDU BHUSHAN CHATTERJEE, 

Physiological Ghemisty Bengalc^ 

([Received for publication on 30th July 1935). 

iNmODXJOTIOK ■ ■ 

In a recent paper by Carbeiy, Chatterjee and Hye [1934], a method of experi- 
mentation and computation has been described, which is lilcely to ensure a greater 
degree of accuracy in amvmg at the digestibility values of individual feeds and 
their components in a mixed’ ration. The chief pomt in favour of this method 
is that it enables direct estimation of the digestibilities without having recourse 
either to the use of assumed values (from standard books) for one or other items 
of the mixed feed, or to the alternative of conducting the trial with a single feed 
in the first instance, followed by the combined feed. 

The method developed by the above authors is the result of an elaborate 
test involving eighteen individual estimations conducted in a cyclic order on 
six animals in a restricted randomised distribution. It need hardly be stated 
that the larger the number of tests and animals, the greater is the accuracy and 
representative character of the mean values. At the same time it caimot be 
overlooked that an increasing number of tests implies increasing outfits in staff, 
material and expenses. Thus, in many cases, it is not possible to have a large 
number of tests owing to shortage of men, money and materials. 

On such an occasion a shorter method can be the only possible way to meet 
such special requirements. The development of a method giving a reasonable 
order of accuracy in such a contingency will be of great practical value. Naturally 
since the initiation of original tests this aspect engaged the close attention of the 
authors, and in the present paper a partial solution of this complicated problem 
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HR the IEDWN - , . 
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^ Wit. «.pec»o ti.0 .».« "f “SrSSJS-'i' » 
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i, toplidt to all ?S^'“ J,;” dila oWaiucd ftom .: «t pettearf on o„„ 

■ ammals were periecll}'. x ^ .tliis 

-'■ ‘-» “ 

trials we got the follormrg siiuuUaneous equations . 

: ,.h«,oito,dj.reth«die^^ 

'■ .as^Bied; .tp'; be: ooastaM* ,\ : ■: ; ; v:'- ■ .; : i::.:::/:. .■:■ t".: 



Similarly, if there are three teea^, . 

bilitv coefficients (unitary baas) then 
obtain the following three equations :- 

JJ .jfC + P sy "h P ^ 3 

By solving these we obtain the followni 

mtormsofdeterminante;- 

I PiCiPi 1 1 

X;; i Eli •\E,=:-vi .i;A ■ ii tPaPa-Pa ; C ': ' 

11111 ^: 11 :^::^ 

1 1 1 

2 =- i B^C\D., ~ 1 

■- ■ 1 B,0,D, 1 i 


allies wliich for eonventeiiee are shown 


ii|s 



STUDIES ON the DETEBMINATION OF DIGESTIBILITY COEEEICTBNTS 

idual digestibility of two, three or more 

the number of feeds 

■ould be free from any blemishes, if at 

such an experiment, 
toiity. This, how- 
erefore, to aseertain, 
tible with a reliable 


In this way, wo can obtain the indiw _ 

feeds by conducting two, three or more trials depending on 

used. Theoretically, such a procedure w 

the same time it satisfies the primary CO 

that the animal used behaved with mathematical umi 
ever is next to impossible m actual practice, 'l^leha^e. tlu 
what should be the minimum number of animals compa 

estimate of digestihility coefficient. , , 

the ete^cel et»dt,o«. iHs .tece«y to 
eoeffiden. i.td„««de„% from » ^^eoiet U.e ,»ei- 

TR, pmmple it i, o„„tly tot tMe putpoee lh«t field 

flesnite its serious inherent limitations. ^ _ _ _ 

1 1 • <3 +Fnt hoiuf based on the results of a single animal 

It will, however, be obvioi ■ i- _ “ it will not he possible 

(in other words smgle ° ^ the di^^-stibility coefficients. If. there- 
to determine the extent o rehabdfry the normal condi- 

fore, to correspondingly affected 

tions, tlie estimates of he, - their extent Similarly, if the sets happer 

without theye to he as much satisfactory as is possible 

to be normal ones, the resul - ^ - p uncertainties in the calculation o 

within the range of the ju scientific investi 

«Boidd. however, be avoided, as far as possible, m 



238*06x151* 16- 


•M. i-vmii-ATIY HCIEKCK AXO AXlMAf, nUf=UAJ||t>KV [VI, I 
90 THE INDIAS .lOUKXAl- AAfc YEIWU.nARY . CIE. 

. . -t ^. .,1 nrders on the same sis animals 

U. si. ™d« 

For “* “Sco lt. t‘o s,.,,c hrrittaS f« Iho coorpotoHon of 
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Table I 
Crude protein 


Consumed 


Combination of feeding 


B 

Straw (grni.) 


G 

Cake (gnn.) 


D 

Digested 


119-69 


122-51 


161-16 


23S-05 


201-96 


167-62 


348-46 


3M-0*3 


164- 85 


Bv annlving from the above table, the values of 1 lb. and 2 lb. conibination 
on formulae (3) and (4). we get the digestibilities of straw and oaho as iollows .- 


1 lb. group 

2 lb. group 

3 lb. group 


■119-59x167-62 


0*83617 (12) 




119*59 x 26 1*96-238*05x122-S1 _^^^^^^^ 

iS^Xexm * 96—167 * 62 x 122* 61 


.167-52X 122*51 





Lmmm 


HTUrWES ON TIIK nKTEIiMIXATION OF nrGEKTumjTV COEFFICIENTS ; 


Again, by apphring tbe values under 1 lb. and 3 Ib. combinations on the same 
formulae/wegetthedigestibilities:— 

1 19 • 59 X 394:- 03— 348 ■ 46 X 122 • 51 
3;=___ — _ — ,^0 • 10919 


lol- IGx 394-03— 154* 85 X 122-51 
348 - 46 X 151 • 16—119 ■ 59 X 154- 85 


=0-84144 


151- 16x 394-03— 154- 85x 122- 51 
Sunilarly, by applying the values under 2 lb. and 3 lb. combinations, -vre get 


the digestibilities ; 


238 • 05 X 394 • 03—348 * 46 x 261 • 96 

=0^09890 

167 * 52 X 394- 03— 154* 85 x 261 * 96 

348 ' 46 X 167 • 52—238 * 05 X 154 * 85 


167 • 52 X 394 • 03—154 • 85 x 261 • 96 


::0* 84548 


For a better presentation the above figures are set forth in the followii^g 
table.. 


Table II 


Digestibilities 


Combination of group 

■'■■■■■■ ■■ . ^ ' 1 

■ ,, , . J 

[ Straw 

i ■ ^ . , . . 

■ ■■ .Cake'-.;, 

■■■. 'L. .v' 

■ '2' ■' . ! 
: ■ ' ■ ■ ' ' ■ : ' ■ ' 

3 

1 ib. and 2 ib. . 

0*11340 

0*83617 

I. lb. and 3 11.u , 

0* 10919 

^ O- 84144^: 

2 lb. and 3 1]>. . . . . . . 

0-09890 

'■■■ .V ■ ' 1 

0-S4.54S 


Expertmehtal results ^ 

In this way we have been enabled to obtain eighteen (6x3) separate dig,esti- 
bility values for each of the food components (viz., dry matter, organic matter, 
crude protein, ether extract, crude fibre and nitrogen -free extract) from the six 
animals experimented upon. These have been analysed statistically, and in the 
following table the mean values by each set of computations are set forth, with 





o« B™n..«i0K 0. BioKTmiLiTv cmvvmm<Ts 

Table HI— con^c^• _____ 


LhiBeed cake^ 


Standard 

deviation 


Standard 

deviation 


' Mean ' 
Bigestibi- 
bility 


Mean^ 

Digesti 


In% 

on 

mean 


observa- 


calcula- 

tion 


fVctiud 


A-ctnal 


on 

mean 


0*42380 


E t Ii e r 
Extract. 


0-05S7 

0-1212 

0-1353 


0-96070 

0-98392 

0-96985 


0-42933 

0-38307 

0-41206 


1 & 31b. . 

2&31b. . I 
Mean ^ . j 
G- r a i^bical 
Method. 

M u 1 1 iple 
■Regression 
Eepiation. 
Old ine- 
tbod-— 
l ib. cake 
21b. cake 
3 lb. eak© 


0-96350 


0-43164 


0-95600 


0-43790 


0- 89000 
(H. & M.) 


0-48598 

0-53243 

0-59379 


0-04150 0-058 
0*11485 0-559i 
0-66140 0-296 
0-27258 0-056 


0-62755 

0-61833 

0-57620 

0*60736 


l&21b. . 

l&Slb. . 

2 & 31b. . 
Mean 
Graphical 
Method. 

M n 1 tiple 

.Regrefasion 
Equation. 
Old me-* 
thod — ■ 

1 lb. cake 

2 lb. cake 

3 lb. cake 


Cru<le 

fibre. 


0-27290 


0*61650 


0*07709 


0-61894 I 


0-57000 
(H. & M.) 


0-60692 

0-58331 

0-58251 


0* 44235 0-01B8 


Nitrogen 
free Ex- 
tract. 


0-63245 0*1466 
0-87090 0*6430 
0-64887 0-5407 


0-46583 

0-40493 

0-45067 


1 & 3 lb. . 
2&31b. ♦ 
Mean 

G r a phical 
Method. 

M u 1 tiple 
'Regression 
Equation. 
Old me- 
thod — 

1 lb. cake 

2 lb. cake i 

3 lb. cake ' 


0-6720S 


0-46172 


0-46352 


0-45295 

0*42152 

0-42695 


.,'94- ■ "rm mBim- ^ouiihai/of ;VBtekinaiiy. sciENCE’ Am> ' an^al’ iidsiukbey . [¥!»,’ i ■ 

■' BlSOtFSSIOK 

Before it is^ BeeesBaiy to,:beiir."iii the ad- : 

■ v’ .mittedly 'hiexaet Jiatufo.of;.^^ ehemieal Bietliod of aiialysiis, iBsed ^for',their, iDstima-’ ' 
tioiE We have, at present, little knowledge rci{aFiling the fate of the food materials ; 
and their respeetive components <luring the course of their tllgestiva proeesses in 
the alimentary canal of tlie herhivora. What is iiniier existing assum- 

ed as digested is really tlie diilereBce between the feed and what is obtained as 
,':::/''nndigested &eees. ^ This does not takev into .aceoimt''thO'.seconcfe^ 

vog trarisformations' taking place during digestion, nor such fractions or parts ;of feed, 
which although evacuated may still be capable of digestion. There is then the 
jSact that faeces also contain excretory waste products from the body in 
to the undigested residues of the food, and as Arnisby [1910] lias remarked the 
presence of so-called metabolic products in the faeces may gi\'e rise to serious 
errors in the determination of digestibility of some ingredients in the food, notably 
fat and protein/’* 

In another place, Arinsby [1903] has remarked that in “ extreme cases, absurd 
results are sometimes obtained such as negative digestibility or a digestibility 
greater than 100 per cent He [1910] has further expressed an apprehension 
of the possibility of converBion of members of one group of nutrients into those 
of others.” In fact, the recent investigations of Woodman and Stewart [1932] 
on the mechanism of cellulose digestion (by fermentation), show that in the ease 
of oil cake the ether extract fraction seems to undergo such transformations as to 
assume an insoluble nature thereby shomng an apparent increase in fibre. While 
this refers to bacterial fermentation, the present authors feel that the possibility of 
some changes of like nature in the animal system are not unlikely, thus giving an 
apparent increase of the fibre content of faeces and correspondingly low^ering or 
giving a negative value of the fraction representing digestion. At any rate, the 
process is full of comjilexities and they find ample illiistration in the figures set 
forth in Table III. With respect to paddy straw the standard deviations for 
the digestibilities of dry matter, organic matter, erucio fibre and to some extent 
Nitrogen-free Extract arc comparatively small, ranging between B to 19 %. The 
corresponding standard deviations of the same compomvutB und<u‘ cake are how- 
ever much higher, being 10*3 to 38*2% for dry matter and 22*5 to 4,0*97% for 
organic matter, wdiereas it has been unusually high in thci ease of c^rudo fibre, 
the climax being over 487% in one sot (Table III, column 9). 

Again the standard deviations for crude protein and ether extract under 
cake have been quite lowq ranging from 5*38 to 8*75% in the former and 6* 11 to 
13 "95% in the latter, whereas the same for paddy straw- have been very high 
particularly with respect to crude protein where in one set it has worked out at 
: 633*65% (Table III, column 6). 
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STUDIES ON the DETJ RUMINATION OF DlGESTiniLITy COEFFICIENTS: 

The divergencies are natiirally indicative of botli high and low rates of diges- 
tion, the higher values sometimes working out above cent per cent and the lower 
ones receding into negative values. 

If we compare the standard deviations in relation to the procedure of cal- 
culations by the three diffemit groupings; 1 lb. and 2 lb., 1 lb. and 3 lb. and 
2 lb. and 3 lb,, we note that in the midst of all the divergencies, the standard 
deviations with respect to the calciiiations under 1 Ib. and 3 lb. grouping, have 
been uniformly low, except in one solitary instance of crude fibre under cake. 
It might be noted here that the difference in the amount of cake consumed is 
largest in the ease of 1 and 3 lb. as compared to 1 and 2 Ib. or 2 and 3 lb. This 
might partiall}^ account for the low error, as in the estimate of digested amount 
(the equation being on a linear basis) a given error in. tlie slope representing diges- 
tibility will necessarily be reduced wlmi such difference is greater. 

It need hardty be stated here that the figiires have been -worked out from 
the data of an experim ent Where every attempt was made to obtain reasonable 
uniformity in the selection of the animals, regarding age, live weights, feeding 
and other treatments. Yet it is very difficnlt from the ver}^ nature of the animals 
to maintain a strict order of uniformity. In other words there is bound to foe soma 
, difference due to variation amongst the animals. The standard deviations in. 
columns 5 and 8 in Table III, thus represent the total vari^^^ arising out of 
(1) experimental errors and (2) variations aiiiongvst the As already 

stated, the standard deviations of some particular eomponents such as crude 
protein, of paddy straw and crude fibre of linseed cake are enormously high. As 
the experimental order of procediire was identical in all, the experimental errors 
are also expected to be of an identical order. It is xmlikely that in these cases 
alone the ex jierimental erinrs were paifficiilarly high. Assuming, therefore, a more 
or less similar order of experimental error, it may be tentatively suggested that 
the digestibility coeffieients with regaiTi to these coiriponents are more susceptible 
to variation than those of others. But unless the extent of this suscex>tibility is 
brought within the range of measurable estimation, it is bound to affect the 
accuracy in proportion to the degrees of such susceptibility. To that extent the 
values obtained will necessarily be affected. Yet, until we have some means to 
eliminate such vaiiability, we have to proceed o.n an assiiin].)tion that the 
behavior of the animals is uniform. This assumption is as much implicit in the 
already prevailing method of computation as it is in the one now" suggested. 

It is obvious that if there is a mathematical uniformity in the process of 
digestion, the application of the equation (formulae 3 and 4) is fully justifiable and 
the results obtained even from a single animal would be fully dependable. Since 
however, strict imiformity in animals is out of the question in actual practice, 
the only alternative, as has been stated before is to replicate the experiment 
adequately in order that the mean values so obtained are dependable. 
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ae B»mplo v«tae is 

E^mtended percentage error on ^ i,pedfied standard of accuracy. 
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SrLnou--«.inthofcno™»toblo:- 


i- 



Btiala of 

caloiilfit ion 
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25*080 
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66*855 
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8*828 ' 
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17*928 
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STUDIES ON THIS DBTEDMINATION OF DIGESTIBILITY COEFFICIENTS: 

A study of these figures will show that the comparatively low standard devia- 
tion under the ealeulation basis of 1 Ib. and 3 lb» combinations (a reference to 
which has already been made) have been correspondingly reflected in 
a lower number of required replications. For a better comparison they are 
reproduced in the following table 

Table V 

(1 lb, and 3 lb, basis of calculation.) 



Paddy straw 

Linseed cake 

Standard 
deviation 
in % on 
mean 

Nrimber of replications 
necessary for an 
accuracy oi 

. 

Standard 
deviation 
ill ‘Jo on 
mean 

Number of replications 
necessary for an 
accuracyi of 

5% 

10% I 

16% 

5% 

10% 

16% 

Dry matter . * • > 

8* 515 

3 

( . 

, ... , 1 ■ 

19-300 

15 

■4 ■, 

■2 , 

Organic matter . . * 

S-260 r 8 


22-499 

21 

G 


Crude protein , . . . 

32*155 

' 42 : 


6 

5-589 ’ 

.. 



nthor Extract . . , , 

25-0S6 

26 

: 7 } 

3 

6 *110 

. 2 „ 

^ ... ^ 


Crude fibre , . i. 

3*005 ! 


487*24 


'■' ^7 ■ 


Hitrogeii-frc 0 extract . 

7*790 j S 

... 1 ... 

23*179 I 

, , 1 

■ 22 : 

: .0 
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As already stated, these results have been worked out from a rather limited 
number of requisite types of data. Nevertheless, they serve as actual illustrations 
of the possible order of uniformity or otherwise and the trend and possibility of the 
reduction in errors by means of a reasonable number of replications. We note 
here that with respect to four only of six components of paddy strawy dry 
matter, organic matter, crude fibre and nitrogen-free extract, not more than 
three replications would be necessary to keep the eiTor within 5%, But crude 
protein and ether extract appear to be liable to greater fluctuations, in consequence 
of which even an error of 10% seems to be beset with practical difficulties, as 
even then it would require as many as 11 replications (7 for ether extract and 
11 for crude protein). In fact in these two cases it may ordinarily he a more feasi- 
ble course to be satisfied with an error as high as 15%, for it is only then that the 
replications can be kept wdthin the moderate limit of 3 to 5. 

In the case of linseed cake, crude protein and ether extract are the only 
two components whose errors are concomitant wdth Ioav replications. For the 
values with 1 and 3 Ib. basis of calculation even a replication of 2 is enough to 
keep the error within 5%, but in respect of other components the position is 
different. As many as 4 to 6 replications would be necessary in the case of dry 
matter, organic matter and nitrogen-free extract to keep the error within 10%, 
whereas, even this is not sufficient with respect to crude fibre. 


TUB JOliBKAT. 0 I’ VHTERISARV 


GIESCE ASU ASIMAE HITSBANDRV 


no , . .,1 . . i. 

It should be borne iu mind, bb ha« other rateact 

to crude fibre of linseed cute, am ™ . Leavmg 
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of inifritioH iniK*'f provide (W.l oi loi-..^- ,,ndei‘ tlie ditVereiil plawra of 

,ide .,ul <he estent, of .li®™"' '‘f “ .rid.ri.ul if e JmBPvn*. 
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validity rests on identical principles. 

'f; . ■ 

. 1. In view of contingencies where 12110^1^ 

led to two lines of statical accuracy, 

number of tests necessary for a ceiUin j. 

2. The method of computation has led to tiie noikmg out oi 

D^Bx — DxB^ 


BxC^—B^G 


■U « are the digestibilities (unitary basis) of two feeds R and (-' and D, 

where a; and y , f, digested The calculations are baaed on two diges- 

their ill the above formulae. Similarly, if there are 

Sl"ion cm. b. mmic with the dc, ftom three trieh. « 
forth in formulae 8, 9 and 10 [vide text), 



STUDIES ON THE DETERMINATION OF DIGESTIBILITY COEFFICIENTS: 


3, The miniiinim nxiniber of tests necessary for a desired standard of accuracy 

. . , . 

has been derived trom the formulae ]fy^=r. where 
cr=% standard deviation found 
E=^% standard deviation ainied 
/i=iininber of replications. 

4. The limited mmiber of requisite data did not permit of a more extensive 
trial of the formulae, and even here it has been confined to a test on two feeds 
as no data with three feeds were available. The results have, however, been highly 
encouraging and it is found that, with respect to paddy straw and cake (two feeds), 
a fair order of accuracy is possible with a replication of 3 to 5, except in the case 
of crude protein and ether extract under paddy straw' and crude fibre under linseed 
cake. 


5. The method of eomputation enables us to set a direct evaluation of indivi- 
dual digestibilities and thus obviates the necessity of conducting separate trials 
with single feeds followed by combined feeds. 
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IlN'eBOBTJOTION 


In the heart of Hissar district, with an area of some sixty-three square milesj 
is situated the Government Cattle Farm, His,iJTr, where for many years cattle of 
the finest Indian breed have been reared by tire Punjab Govemiuent* The Bir 
or grass-lands of this farm are of very wide extent and cover an area of about 
21,000 acres. The number of livestock on this farm amounts to several thousand 
heads. 

The form stock is distributed in different ])Iaces, at a distance of several 
miles from one another. The distribution is given beknv ; — 

L Iloim Farm. All the stock requiring spiR’ial care and supervision, such 
as dairy cows, standard (?ows, special cows and weak and del>ilitated animals. 

2. Pally Farm. The general herd of c()ws akuig with tiieir })ulLs and young 
progen3^■ 

3. Thmkn Farm. Tixe white herd of cows along with their bulls and young 
progeny* 

4* Kherumi Farm. The heifers from their weo^ning age till their maturity 
which is S years. 

Ghowfhi Farmj — The male sto<jk till they mature into bulls when they are 
issued to the districts for distribution at the age of 2| years. 

. : Bobmn Farm . — ^The grey herd is located here in the rainy season and 

t;iiK)Ughout the summer months until the cold weather starts. 
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Fig. I shows the distribution of the livestock at different places 
XOAcls connecting them. 


/^£AfA£-£ 


thasha 

W///T£ Bft££DtNO H£/ZD 
SUNM£/^ 


SifilY 

MAm &R££I?JN& H£RD 


k'/TT 


/ cAtowm 

\^/AJL££»/^CDilC£ 


Total 


iil ■ ' the iKDtAH m Yvmiumm [¥1, t 

.' Hjstoey'of 

■ WA keife'waH fk»iH :lpiFrw^ifi to %^tEritmr^ 

Hospitiil,- situated' in'. if 

■fested' marked (lepression and «l;ulinessa, ^ Idie , , were dimfpiiigoinfi ttie,, tja 

' arelted. : Tile mii5^s»’lcr was dry.s:wid. tlie- skin iustreless,: ; liiriniiiciticur was aliseiit 
. and tixe respiraticai aece!erat.ecl. . d'lio nexf::de.y ten- s were iniriiring prnftmely'frcun 
. tlieeyes.. '■ Tliete was only a sllghl' elcnAxtioii. lawk'' te^n|1e^^ltllre, ■ Tlictlmwele 

were eoixstipated* 

■ Two or- three days after,, small pia>tylEaninM:^sointi Teskdes on the 

■neok's before and 'behindfthe siioulriers, along the Yertil>ral 'eohimn'nnd m .the-' 
ihmk. In the imuitln espoikdl^ on the mm-ons membranes of the lips, gums, 
and -under thO' tongue 'Some irregular erosions- rvere. seen' ' luit 'there was nothing 
charactaristie about them. 

■ k - The nex:tx day the ouiimal dierl aufi':on luaking a . post mortem examiiiatlcun- 
;the'’diseaHe;was,€0fti:riued as:-ltirid6rpest, y' 

hi the meantime, the disease at Iviua'wa4i thirtnl up ami a few mme- ainmals 
began to manifest Bympttnns. But the entire Hmy|>tom-eomplex was only exeep** 
'tiomlly present in a single aniniaL In the Khcjrwaax herd in some ammak the 
functional dinturhanees of the respiratory orgi-ms at those of the digestive were 
more in the fore*-gronndj white in others a HimultantKius affection of all organs was 
present in varying intensity, in mr>st mm.n the illness was of a very short duration 
and the body temperature showed a slight elevatiem. 

In the great majority of these severe eases, the disease lasted on an average 
from four to seven days. 

The disease was brought under control at Kiierwain by the serum -alone method 
but within a fortnight or so it broke out in the Home F»,rm stock and also spread 
to cows and calves at Bobran. The source of infection was tleiiniteiy traced to 
the villages wdiich are situated in the close vicinity of the form and use farm roads 
as means of communication. The total loss, so far, ^va>s 80 and the situation 
appeared to be very grave on account of tiu‘ high sus(*eptibility of tln^ farm 
^ock. 

Edwards [1925], in his pajicr on 'Home recent advimees in llie })rot.(*i'tkm 
of cattle and other animals against disease h states as folltnvs : — 

The theory of the ‘ weaves ’ of intensity in rindm^post.would seem capable 
of explanation in a similar manner. After tlie onset of a ’ wave ’ of rinderpest 
the disease spreads with increasing intensity until the virus eventually finds that 
the amount of susceptible 'soil’ remaining, upon which it can become readily 
implanted, becomes more and more rare. The virus itself thus loses to a eonBider- 
able degree its properties of penetrating in the animal body, and it is not tmtil 
there ia available in abundance a new susceptible ' soil ’ represented by the cattle 
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progeny that have grown up in the interval that the' virus ’ finds a .medium at 
hand for its ready propagation and, concomitantly, progressive exaltation of its 
disease-producing properties.” 

This explanation of Edw^ards applied in a remarkable degree to the suscep- 
tibility of the farm stock which had remained free from this disease for a number 
of years. 

According to Haupt it requires from 5 to 6 weeks before the disease affects all 
animals of a herd consisting of 16 to 20 animals. Consequently rinderpest did 
not spread very rapidly in large herds of the farm in the outbreak under report/ 

COOTBOn OF THE OUTBREAK 

Kerr and Menon [1934] report that goat blood virus alone and goat tissue 
. vaccine alone was used successfully on an extended scale in face of the disease 
in Bengal, and similar conditions being the experience in this province, it was 
decided to control the outbreak by means of goat virus alone vaccination. 

To commence with, it was decided to immunise the female produce at Kher* 
wan which were then free from infection. These inoculations at Kherwan were 
meant to serve a dual purpose ; firstly to immunise the animals which were becom- 
ing once more susceptible on account of the passing off of the serum effects and, 
secondly, to study the nature of the reactions to be expected in the main herd. 
Consequently 1,151 heifers and 33 bullocks were inoculated with the goat virus. 

It was then decided to tackle the main infected Jierd where goat tissue vaccine 
was brought into use. Any animal exhibiting the slightest signs of iU-health 
was excluded from the vaccine inoculations and segregated for observation. In 
all, the following number of incontact animals were vaccinated : — 

Bobran^ 

Cows and calves . 

Bulls . 


Bullocks 

Sully— 

Cows 

Calves 

Bullocks 

Thaeka— 

Bullocks 
Home Farm- 
Cows and heifer. 

Bullocks 

Mundianwala — 
Bullocks 

Stable— 

BuUooks , 


Total 


1,750 

^ . 28 , ■ 

10 


267 

142 

66 

62 

250 

164 

100 

69 
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. .. .r «™ht tissue vaccine, the temperature did not rise beyond 104°, 

In the ease of goat tissue % ci . i percentage of reactors was 



rocording was carried out in the following manner. Out 
The temperature | course of a day, 20 animals were 

of each batch of temperature was recorded on the 4th, 5th. and 0th 

r'“ltfrt“uSol In J,™y,40 hl»d moculoted o„d 80 gout « 

»im.l. wt= brought uuto obsrrvotlou. 


Vaooihation oe ttnaefeoted segreoated AKIMALS- 


1 1 . k nt Ohowni was temporarily excluded from these inoculations 

The male stock at Ch tPc disease spreading to that area. 

as there appeared to b^noi situation, there was every possibility of the 

every attention was 

'sldiuai. period to inc«.faotv^™^ted^ 

Of fhrett^rrr tr— . u-e e.™ .ud 80 huhoohe 

^ere vaccinated. inoculations a case of rinderpest occurred amongst 

m’^““A’‘devel05»d Biudopeet. Erideuriy fte* »u— e % 
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the incubation stage of the disease at the time of vaccination. These were then 
subjected to serum treatment and cured. 

' The outbreak was brought under control within a period of 12 days with the 
loss of 18 animals from the time of vaccination or inoculation measures being 

undertaken. , . ■ ^ . . 

Out of the cows and young calves at Thaska and Sully, which were in contact 
with the affected animals at the time of the outbreak, 80 animals developed iinder- 
nest and were treated with anti-rinderpest serum (class P or II) m doses ranging 
from 100 c. c. to 250. In some cases these uijections had to be repeated three 

or four times according to the condition of the patient. 

The total number of animals inoculated with goat blood viius and goat tissue 
virus were :< — 


1. Kherwan--^ 

Heifers . 

Bullocks . 

2. Bohran— 

Cows and calves 
Bulls 

Bullocks . * 

3. Sully — 

Cows 
Calves • 

Bullocks . . 

4 . Thaska — 

Cows and calves 
Bullocks . 

5* Home Faim — 

Cows and heifers 
Bullocks . . 

6 * Mundianwala — 

Bullocks . • * 

7. Stables — 

Bullocks . 

8 Chowni^ 

Bulls and bull calves 
. Bullocks . 


1,151 

33 


1,750 

8 

10 

267 

142 

66 


G4B 

62 


250 

64 


109 

69 


1,173 

33 
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:0f THE iSiMAS .HKJiiKAL OF YCTERIS^ARV SFIKKCK AM> AHiMAJ. 1It;SI!AN*i>RY [Vll. 

PEEPAHATIOK OF TAnCJNE 

Butii t-iie hioud atid tissuu vaot/iiM'K (>in|i1o,V{'il at tlie lUrin fi»r the iiHimmisation 
of «ittlo ■«t‘re sH]»}fHe«l hy the Pothoiopieui .Section of the Punjah ¥eterinar 5 ^ 
College, Lahore. 

The atteiiiiated goat Yorus einployed at the Pimjab \h^termary Cbllege for 
the purpose of mamifaeturiiig Wood and tissue Traedne, Yvas obtained froan the 
linperiai Instifcnte of Veterinary Research, Muktesar, about 2 Y'eare bjwh and 
inaintamed by eontimious pas.sage in local bred goats. 

The blood virus issued for use at the farm was 24 to 48 licmrs old. It was 
supplied in the form of whole Wood mixed witli equal parts of 1 per cent sodium 
citrate solution. The dose of the citrated solution of goat blood virus was 2 
c,e. per head. 

The goat tissue virus used at the farm was about 1 to 15 days old. It was 
d^patehed from the I*ahore College in ampoules each containing one gramme 
piece of spleen tissue. 

The maceration and dilution of vaccine was carried out at the farm according 
to the instructions issued by the imperial Institute of Veterinary Research, 
Muktesar. 

' Each one gramme piece of spleen was macerated in 100 c.c. of normal saline 
solution and used in 1 c. c. dose per animal. The Wood and tissue vaocsinos were 
despatched from the College, per paasenger train, packed in ice and saw dust, 

'During the course of these inoculations it was sometimes necessary to keep 
a quantity of tissue vaccine over-night. In such instances the material was kept 
in a cool dark place i)acked in a large quantity of ice. 

Choice OF THE viBtrs 






The choice between the two types of virus is very difficult. It is not yet 
definitely ascertained that a febrile reacition is necessary for conferring lasting 
immunity. But, if immunity is assuretl only when the animal body reacts to the 
vaccine, then there is no doubt that Wood vaccine is definitely better than the 
tissue vaccine. If, hoYvever, this is not essential, tlien there is no doubt that the 
tissue vaccine is to be preferred in the field inoculation Yvork. Itiseasy ofapplica 
tion in the field, its cost of production is extremely low ; its di.stribution i.s inexpen 
sire, and its longer viability in storage is its greatest outstanding feature. 

Kerr and Menon [1934] in their note regarding the use of goat virus as a mean.s 
of controlling rinderpest outbreaks obaerYm that goat blood vaecine Yvas not 
suitable for general application in the field as it necessitated the presence of more 
, . ; experienced officers to control the operations. Besides, it was iinpracticaWe to 
, mamtain at headquarters, a large stock of potent goat Wood vaccine. On the 
. . other hand, the goat tissue vaccine was easily prepared and preserved in sealed 

} ampoules'whioh were quite handy for packing and despatch by post. Moreover, 
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one goat produces 2,000 to 2,600 doses of tissue vaccine as compared with, some 
500 doses of blood virus. So far our experience coincides with the above workers 
of Bengal regarding the utility and use of the goat blood virus and the goat tissue 
vaccine. 

Gongltjsioks 

We may sum up the position very briefly by saying that means are now 
abundantly to hand for combating natural outbreaks of rinderpest in the condi- 
tions in which they piwail in the Punjab. The goat virus method has now 
reached a state of perfection when no obstacle need reasonably be placed against 
its adoption on the grounds of excessive risk. Edwards [192 in his address 
on ' The problems of Rinderpest in India ’ read by him at the Conference of the 
Central Provinces Veterinary Association, held at Nagpur, Novemb^^ 1928, 
remarked that the system of protection most suitable for adoption in India is one 
of widespread vaccination and we entirely endorse his views on the subject. 

The authors desire to record that Mr. S. M. A, Shah, the Farm’s Senior 
Veterinary Officer, was in charge at the time of the outbreak of this disease, but 
owing 4o his transfer subsequently he was unable to colIa]}orate in the writing of 
this article, 
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Several bony diseases afiect poultry. These may be either neoplastic, in* 
flammatory, or constitutional in their origin. Though pathological conditions 
OGCAir commonly in bones, yet very little is understood regarding their nature. 
The technical difficulties associated with tbeir histological exoanination are many 
and the introduction of such terms as ealeareous infiltrationj ealciftcation, ossifica- 
tion, exostosis, osteitis, osteo- sclerosis, hyperostosis and the lilce merely convey 
an idea of the nature of such changes. 

Diseases oecAirring in bones go by diherexat names depending upon their origin, 
situation, and liistologieal characters. When neoplastic in origin, they may grow 
out as exostoses in the form of exere>seenes from the outer surface of a bone or may 
grow in <aiid project into the medullary caYityL In some instances, the matrix 
becomes dense resulting in ^ compact or ivory osteoma’. The majority of the 
osseous growths appear to be inflammatory in origin, as for example the formation 
of a callus round a fracture. Sometimes, the iiililtrti.tion of chronic inflammatory 
foci with caieium salts may simulate bone formation and it must be remembered 
that the nature of the majority of bone tumours may be very difficult to interpret. 

Diseases of constitutional origin also affect the skeletal system in poultry. 
These are all grouped under nutritional or vitamin deficiency diseases such as 
asthenia (going light), gout, rickets, osteoporosis, osteomalacia and osteitis de- 
formans. Osteitis deformans is the name applied to the morbid process which 
usually affects the entire skeleton in adult life. It is a chronic constitutional 
disease characterised by the depositii>n of a. fibro-osteold tissue in such an excess 
as to enlarge and harden the affecjted bones. This kind of chronic osteitis is of a 
fomatim type, in which there is now formation of bony tissue from tJie osteogenic 
layer of the jreriosteum and sometimes also from the endo-osteiim in the medullary 
canal giving the bone an ivory like consistency ; the other kind is known as the 
rarefying type in which there is absorption of bone, wdiieh is replaced by granula- 
tion tissue, as in tuberculosis and actinomycosis of the jaw in cattle. 

This note is intended to record briefly an unusual condition of the limbs seen 
.inhwo fowls. The oases are of further interest as they revealed spirochaetes in their 



NOTE ON OSTEITIS DEFORMANS IN TWO FOWLS 


Subjects In the month of August 1934, a condition quite analogous to the 
one' described bv Kaupp [1933] under “Osteitis deformans’ was met with m 
To adult leghorn fowls. Both the fowls developed a strilung enlargement of 
the leers which attracted the attention of the owner. The fowls, a cock and a 
hen, were brought to the Veterinary College Hospital for observation and treat- 

ment. (Plates II & I1I> Big- !)• i j. i. r n * •+• 

Symptoms In both the fowls, the lesions appeared to be one of Osteitis 
affecting the long bones, m-..-the tibia and the metatarsus. Enlargement and 
diffuse Wening of the bones were felt on manipulation. A skiagram of the 
limbs of these birds was taken for study and it revealed a condition of sclerosis. 

(Plate II, Bigs. 2 & 3 and Plate III, Fig. 2.) . i 

The cock showed more promiiient lesions than the hen- ^ Both the lowls 
appeared dull and inactive. They were drowsy and not feeding properly. The 
cock was passing yellowish white stools. The temperatme of the hen ranged 
from 106° to 109° F. 

CiiiNiCAn OBSEBVATIOK AiNi> TBEATMEi^T. Dark grouiid illumination of tie 
blood from the two fowls revealed spiroehaetes and they were noticed to be in 
larger niimhers in the cock. This finding of spirochaetes assoemted with such 
unusual lesions in the fowls suggested the possibility of a condition simulatmg 
o'ummatous osteitis, caused by syphilis in man, by an analogous organism. But 
mch a condition in fowls, as far as can be ascertained from the literature on spiro- 
chaetosis, has not been recorded. Spirochaetes usually cause an acute infection 
and rapid termination, hence it is obvious that they may have not been the cause 
of such lesions as are described in this paper. The fowls were treated with soamin 
for spirochaetosis. The hen was destroyed after 27 days and during this period, 
the thickness of the legs was found to have slightly increased. 

Autopsy. examination was held on both the fov/ls. Ihe 

cock was emaciated and revealed a considerable enlargement and hardimss of 
both the tibia and metatarsal bones. To see the extent of damage, one of the 
bones was sawn through longitudinally and it showed dense compact tissue almost 
ivory like, filling the medullary canal. (Plate III, Fig. S-a, longitudinal section.) 
Fatty changes were noticed in the liver. Smears from the heart blood revealed 
spii’ochaetes. 

The hen, on post' morieoi exani'inat'ion, abo pi’eseuted an/ arnaeinii^ 
emaciated appearance. 

The bones, tibia and metatarsiis, on loiigitudi'naJ seetioin slio'wed deposition ■ 
of eampact tissue, bnt to a lesser degree. Tlxe j'ei'oabvs (>f tluj caiii‘el fated tksne 
■■ coiiid be seen ]3artially in the metatp^rsns. (Plate 1 . 1 . 1 , .Fig. .3-b.) A seed’ ion 

of metatarsus from a iiorrn..a.l is 'pla-C'ed, !x..ir 'iii tlie p,lii.)tog'ra|i}i 

appendeil. '{Flate 111 , Fig. 3 -p.), No iiatlingenie orga'iiisms 'woT'e 'preserd in i\m 
sniea,.rs from tlie boric iiiaio'-oxv. 
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])ISCHSSI0K. The condition described above should be differentiated from 
scaly leg and productive inflammation of the soft structiwxjs of the shank of fowls, 
which also develop without any signs of acuta inflammation, Tlie shank, in the 
latter affection, gradually becomes larger due to ne%vly formed connective tissue, 

.but the increasing enlargement is limited to the soft structures alone, the bony 
tissue not being involved. A skiagram vdU. reveal its true nature . 

The condition of chronic osteitis may either be a secpiel of certain constitutional 
disturbances such as 'VOsteitis deformans/’ or "" rickets or it may result from 
chronic bacterial infections such as tubexciilosis, actmomyeosis and gummatous 
-.osteitis... ■ ■ 

As regards the causation of Osteitis deformans in man, various theories have 
been proposed and man 3 r infectious agents have been held responsible including 
the organism of sy^philis. It held, by some, to be due to the effect of the 
disturbance of some internal secretion. Ti^^^ appears to be little evidence in 
support of thcvse viem’'s. MacCallum [1924] refers to thlB condition as Paget’s 
disease ” and, in 1876, he described it in human beings as affecting the bones of 
the extremities and the skull. It is further obseiwed that the changes in some 
eases be unilateral or may be limited to one or two bones. The condition iS 

progresses slowly with some tenderness and pain in the altered bones . The marrow 
loses its blood forming elements and becomes converted into a vascular fibrous 
tissue v'^liieh produces much soft bonedike tissue ; the marrow cavity is encroached 
upon and filled completel 3 ^ The softened bone later assumes an ivoiy-like 
hardness. So Paget inclines to the view that the process is of an inflammatory 
nature, resulting in enlargement and excessive production of imperfectly deA’^eloj^ed 
osseous tissue which becomes organised. 


MacCallum [1924] in dealing with gummatous osteitis, describes a form in 
which the new production of bone is more extensive than in the periosteal tj^pe 



and states that it is deposited in each Haversian system and through the cancellous 
bone in the interior so that the shaft of the bone becomes dense and ivory-like 
and the whole bone is much heavier than normaL 

Kaupp [1933] has described the condition of ^ Osteitis deformans ’ as occurring 
in fowls and observes that Goldman Ixas described a case in fowls affecting the 
front pfi.rt of the slaill and the long bones, including the femur, liumorus and 
metatarstis. Many Ixave held that rickets, osteomalacia and osteitis deformans 
are manifestations of the same disease bearing on impaired nutrition and deranged 
matabolism. It is supposed that, in the course of calcification, a certain amount 
of the sulphur of the matrix is replaced by other elements, which must entail the 
, retention of calcium, magnesium and phosphorus and involve the increi^ed elimi^ 

^IcSum, magnesiuia and phosphorus with excessive excretion of sulphur found 



' ¥iq. 2 : • ■ Fia. 6 

Skiagram revealing the thickened condition of the bon6 ill tie cock. 

Skiagram (for comparison) of the limb of a normal fowl revealing no alteration in the bones. 
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PLATE III. 


Pig. I. liegkorn hen and a iioriniil hen fov comparisun. Note the clitTerenee in the condition of 
the legs in l>oth. 


Fig. 2, Skiagram revealing thickened condition of the bone in the hen. 

Fig. 3. Longitudinal sections of the metatarsus of the two affected fowls ; a, similar section of 
the^ metatarsus of a normal fowl is included for comparison. 

(a) Cock-— Note the uniform ingrowth of bony tissue into the medullary canal almost 

completely efiacing and occluding it. 

(b) Hen — This condition is partially seen in the hen. 

(c) Normal fowl— Section of medullary canal of a normal fowl. Note the uniform 

depth of the ca,nal. 


Fig. 2 


b 

Fig. 3 
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KOTE on; GSXEITIS^ IX TWO FOWLS 

in these cases, as indieatmg a stimulated osseous or oBteoid formation accompany 
Ing the resorption of a highly siilphurised organic 

I wish to express my gratitaide.’to 'Mr..T. J. Hurley,; Principal, Madm 
nary fMlege,,for glvjrig me an opportumtjrto' study such lesions ; to Mix M;,. Aiiant ; 
Narayan Bao, Offieerdn-charge, LaJioratory foitTahiiibiecBugg and affording 

facilities for writing on the subject ; to Mr. V. Janakirama Aiyar for lending the 
use of the skiagrams, and to the Artist, Mr. P. Dorasainy Mhdaliar, for the photo- 
graphs and copies of the skiagrams. 
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Page 143 Agrkulfvsal CuUeije, Lyallpur. 
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Page 150, line 
Page 151, line 

Page 187, course of specific investigations on tlio feeding value of some 
Healingt tuiYs, plans of tlris series have been laid to investigate progressively 
Page 211, liniicding'StnfTs on the same pnnei|'>lcs and using the same technique 
Comma more specifier impiiries so far published. The rcHiilts from a 
materials grown at T.yallpur are given in tlvis jiaper. 

The fodders, the data fimn wliicli are given in this xiaper, arc shown in tlie 
following table, of winch velvet beans, Elepliaut grass, berseem Imy, and juar 
No. 11 were fed to Hissar bullocks and the remainder to mature dry Montgomery 
heiferB.. 

1. Senji gmm. 

2. Berseom green. 

3. Velvet beans green. 

4. Sunllower green. 

5. Bajra green. 

6. Ele|ihant grass green. 

7. Guinea grass green. 

8. Sudan grass green. 

9. J'mr green. 

10. Juar Nos. 8, 11 and 22 green. 

11. Berseemliay. 

12. Lyallpiir I)!ib grass bay. 

13. Gram bJima, 
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SOME DIGESTIBILITY TRIALS ON INDIAN 'FEEDING 
STUFFS, PART X. GREEN FODDERS, HAYS AND C4RAM 
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PANDIT LAL CHAND DHARMANT, L.A«., B.sc. (AnHi.), 
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(Received for publica-tion oil 25th February 1930.) 


During the course of Bpecilie investigations on the feeding value of some 
Pun jab feeding-stnffs, plans of this series Inive been laid to investigate progressively 
all the Punjab feetlmg-stuffs on the same priiiciplos and using the samo teahnique 
as employed in the more specifK; incpiiries so hir published* The- results from a 
number of sueli miscellaneoiis materials grown at I.yailpur are given in this paper. 

The fodders, the data iroin which are given in this paper, are sliown in the 
following table, of whleh velvet beans, Elopha^ grass, borsccni liay, arul j 2 iar 
No. II were fed to Hissar Imlioeks and the reraaiuder to mature dry Alontgcanery 
heiferB. ■ 

I* Senji green. 

2. Berseem green. • 

3. Velvet beans green. 

4. SimOower green. 

6. Bajra gveexi, 

6. Elex>hant grass green* 

7. Guinea grass green* 

8. Sudan grass groan. 

9. Jvar green. 

10. Juar Nos. 8, 11 and 22 green. 

11* Berseem hay. 

12. Lyallpur Dub grass hay. 

13. Gram bkusa. 
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Tlie sample used in these trials was grown on a medium soil a,nd cat at this 
stage and piwed to be a maintenance ration. 

f/f^^A§A'(Paiiicaimma.\dmum)™This grass yields alxiiit six ciittings daring 
the kharif muBon under irrigated conditions at li^aillpur and the sain pl(3 used was 
the fdth cut representing the best stage of growth, i.e., wheu about three feat 
high and pu'ovcd to be a maintenance ration. 

8%idan grass {kndvoigtogon Soighimi Var : Siidaiiensis).— This is a klmrij 
fodder whkdi yields about four cuttings during the season. It was fed when in a 
condition a little past the * Milk stage ’ of the final cutting but did not prove 
to be a maintenance ration. 

Juar (Chari) local Sorghum Vulgare. — This is a Muf?/ fodder commoaly ii.sed 
for feeding cattle both in a green condition and as hay. The sample used in these^ 
trials was grown on a medium loam soil, fed in the preanilk stage and was found 
to be a nonmiahitenanee ration . 

diiar (Oiiari) Nos. 8, 11 and 22. — -These samples represent certain new Punjab 
juars obtained by crossing variouB sweet varieties. These were grown on a light 
soil and collected for these trials after the heads had been gathered for grain ; 
of the three varieties, only No. 8 which is the richest in protein proved to bo a 
maintenance ration. 

Lyallimr Dnb grass hay (Cynodon dactjdon). — This hay was made from lawm 
mowings from the College estate, collected over a period of about eight months. 
Each cut wms dried in the sun and a composite sample of the mixture, which proved 
to be a maintenance ration, was used in the trials. This hay is rich in protein. 

Gram bhiisa. — This is a chaff of a rabi leguminous crop Cicer arieiimnn. It 
is richer in digestible nutrients than wdieat bJmsa [Lander and Llmrmani, 1932] 
and like wheat bhusa, varies in composition from year to year but, neverthe- 
less, w'as not a maintenance ration. 

It is usual to find small differences in chemical composition in the same type 
of fodder when grown under different climatic conditions or on different types 
of soil but the analytical data given here may be taken as representative of these 
fodders as grown in the Punjab at the particular stage of growth indicated. 

x4.(dniowledgment is nm.de of the valuable assistance given in this work by 
Mr. Akbar Ali of the Chemical Scidion, and our thanks are also due to Mr. H. R. 
Saiiii, the Fodder Specialist, for supplying the fodders Nos. 3, 5, 0, 7 and 8 and 
Mr. B. S. Sawhney, the Millet Botanist, for the supply jmrs Nos. 8, II and 22. 
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estmation: OF vitamin- a :i 

■■ S03IE FAIia 


lESlEVE.IN THE 
i: ANIMALS - 


LIVERS: OF 


'BY 


■K. c. SIM, i).sc., ■■ ■ ; ■ 

' , ■ ; Tm{peHidJmUiute i)f Velerm^ Mnkkmr, : 

. , GAK. SHAEMA, G.F.V.C./ ' ■ 

■CUmeal.Asswiaiit. Punjab Velerlnari^. Colle^je^ Lahore. 

(Received for ;|:mblicatiorji Oil SOtii ■ 

■ lOTBOimc'Tbm 

P'A coiiLeideraWo oiii oimli of cliscni^ssioo m t^ngge?4ioii of ■ 

Green and 'Melkinlij [193S] thof tlie ■ri'jsktoiice of tlie aiiiiitai 

/Lody:4o l>a(4Diial tefeid/iiiii, and tlicv,oli|deal ■ eardeil init by Mellanby and' ■ 

■ ■Lreeii I1:920]/cai flio vefledeotfvibniiii^ Iirc*a.ft^es:i4' pworperal Bepticaeinia, 

'widcli :ga.vii^a:p|>a;iTOt!yI)ei:adba rewniba appeared to iiidieate tliat-' tlie' .adminiatra- ■ ' 
. ; tioii' of til is^ ' ^dtaiiiin iiiicl a. ' wide' af)p.lieatkm in tb.<j ferea fcinent ■ of inlBettoiia- 

^ ; d&eases. : TW^s }! 0 |m> liaH 'not bo ' la? 'hot at o'.?:d:ii;ofi ■ TIhib l-farry ? J I'aii'B' ajid C'trilll tli. 

' ■ ■■|IS32] \foiiral ■ tlMit' the. kifbefiowa: .observed 'iii.''^ea'SeB , of- vlta'n.iin “A .cltdleieno)- are of ; ■ 
■^■;a ::BpeciaIi■ type limited ill oidgm to npitbelial tissia5S,„aod 'iHyt seen in', tlio. abseiiee; ' 

' .ofiieigliboarmg' fceratiiikati^^^^^ tiie'exisliiiig.dafe :ailc>?tied ,im basis for't, 

..fbc, ■belief 'tfat ■ vifamin- A therapy’: w likely to" 'be? eftaidive iB;^e(Imbatillg aciite::: 
■■■■'.general infeetloiiH due iu Hpeeifie palbogoiue nihaHeorganisms, or in Ihose elinieal' 
..bpxaemias; arid ''iofeetipii^^ .'diseases ■iwliiclioa're' 'miaBsodatecI with ' the poew'Iiar strue- 1 
. ; ;Anral;''^',l>roakdowii:’,tof ihsim . 'and' ■'i.lie,' ■'iitteiidaii'-fc, .■J.omlbeil ■:!» 

:■ : ■::ti 0 B,:,'^''-whie!t^'ehamefe vibimiii ■ d'efieieircjo : .The:-; cLBervidJcais- ' c4' Wolff; 

■;;:tII9B2]';aJicl:;MoaK?{10 oji . vitainimA 'reserve:, of hTiinan';:,liverB "in' heaith and' 

:''dise'aBd:: havo: , tixA if: .isreMreiaely' ■clIlH n Jiw reserve ;of '': 

^■.'■v:ffamin«A;^:iE ■'■liver wit t'l; any ^particailar ■'typo:vff .i:i.tfcc:E^^^ 

,t,’,:;^^yWkjTiOwcwert'’^.d||gesfe';tiiat;:'parth ,tl■le^^BtaiB:o,f■|■uuh;' 

'.fL;:rtiplo';' ma|hntritioir,:whie!?':ife''iiinsti,;iiBind'iy::;;lmplyt'':'in'dy. 
■:4;.,etlology,'of;Bpme';typesb:ld:»lbAion:'Hndt)r;th,0’;tkhiditimta'iisually.^^ 

-■:O:,pra6tie0.t;;dlh is;:ateo;,'i\uW'3paJiHad. fliatd.Ji:'ina’nyt ,not.^: 

tt;Lmorepe'Vi0'''Btt4pge;,6l:lffisVdptni|i,-;Lr!t}ie'Iiverv;t;ThnBrLir 

tioB of vitaminA when taken by the mouth, or to significant loss through urinary 
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excretion, but ratlier to a failure on the part of the liver cells to assimilate and 
elaborate the vitamin when it reaches them in large quantity before it is either 
destroyed or passes into general circulation. As the livers of diabetics contained, 
according to Wolff and Moore, a very high reserve of vitamin-’ A due to the inges- 
tion of the large quantity of carotene obtained from the vegetable diet, it appears 
that, if Green'S explanation is considered correct, the activity of liver cells in 
storing vi.tainin-A may vary in different diseases. It was, therefore, felt desirable 
to obtain some data on the vitamin-A reserve in the livers of some farm animals, 
in health and in disease, and in this preliminary report the results obtained are 
given. 

Method of A^itamin-A Assay 

The Carr-Price method of estimating the vitamin, as modified by Davies 
[1933], has been used. Usually 5 grins, of liver was saponified with 10 c.c. of 
aqueous 5 to 10 per cent potassium hydroxide, and the unsaponified fraction 
twice extracted by means of ether, with the addition of some alcohol for the first 
extraction. The ether fraction was ihially freed from water by shaking with 
anhydrous sodium sulphate and then quickljr evaporated. In all essential parti- 
culars, the procedure adopted by Davies was iised, and the method in our hands 
has given quite good results. The tintometer used was the B. I). H. pattern 
with artificial light attachment. The results are expressed in Moore’s units per 
gram of the liver to the nearest significant figure. In all the data given in this 
paper^ only the blue units are tabulated. The yellow or the red units of the tinto- 
metric readings have not been tabulated. 

Having decided on the method of assay, it was thought necessary to determine 
(1) if there was any diiTerence between the vitamin content of the central and 
the peripheral portion of the liver, (2) if decomposition for 4 or 5 days at room tem- 
perature would have any eflect on the vitamin content, as it was realised that in 
some cases it was x>ossibIe that the liver might not be sampled and put into 
potassium hydroxide solution for some clays, and (3) if the relation between the 
tintometer blue units and the concentration of the unsaponifiable fraction 
actually used in the experiment (indirectly giving the amount of original liver) 
would be linear. In Tables I, II and III, these results are shown. 

From the data given in Table I, it is apparent that there is a slight difference 
in the vitamin content of the central and the peripheral portion of the liver, the 
value of the central portion being higlier and that decomposition for four or 
five days (without KOH) does not materially affect the vitamin value (Compare 
Davies, he cit,). The results given in Tables II and III (excepting those of 
the goat) are shown graphically in Figs. I and II. 
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(a) Contra! portion 
(fe) Foriplioral portion 




{u) Contra! portion 
{b) Poriplioral portion 


Healfhy €{ont A, 

(a) Central portion ...... 

(h) Peripbeml portion . • , • 

{o) Central portion left at room temperature 
V ; : . ;out KGH ft>r 5 day^ 


1,300 


10 mg. 


:(d}’' Central portionlBft in ti’ie rrfrigcirafcor for 5 day 
oontral*'’: , , 


,97K 




(a) ::v'0entri&l' jmrtioii/^ ' ' 
(5) Peripheral portion 


1,075 


1 , 000 ' 
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Table II 


Relation between conceMration of ike liver and the blue tiniis 


Weight in 
mg. of 
original 
liver 

Rabbit A 

Rabbit B 

Rabbit C 

Tinto- 

metric 

blue 

readings 

(Lovibond) 

Blue 

units 

Tinto- 

metric 

readings 

Blue 

units 

Tinto- 

metric 

readings 

Blue 

units 

60 . 

3' 2 

160 

2*6 

130 

1 3*7 

185 

100 . 

6/0 

150 

4*8 

120 

i 6*2 

165 

200 . 

0-3 

116 

8*8 

110 

1 11*6 

145 

300 . 

11*3 

96 

10*8 

90 

1 13*6 

113 

400 . 

12*8 

80 

12*2 

76 

1 14*9 

03 

600 . 

14*2 

71 

13*3 

66 

. 16*3 

82 


Table III 


Relation between concentration of the liver and the blue unUs 


Specimen 

Weight in 
mg. of original 
liver 

Tintometric 

readings 

Blue units 

Healthy Bull ; 

10 

2*0 

600 

20 

3*5 

438 


30 

4*5 

376 


40 

6*8 

362 


60 

7*2 

360 


100 

, 11*0 

275 


200 

I; ■■ '13*8 

173 


300 

16*0 

133 


400 

17*6 

110 

Goat affected with rinderpest . 

20 

4*7 

591 

40 

7*2 

450 


60 

0*4 

390 


80 

11*2 

350 


100 

13*3 

333 


It will be observed that in none of these cases is the relation between the con- 
centration of liver and the tintometric readings linear, although the nnsaponifiable 
fraction has been used in the test, [Compare Norris and Church, 1930], Tor 
obvious reasons, tests could not be carried out at very low dilutions. Our results 
are in general agreement with those available in the literature. [Cf* Chakravorty, 
Mukherjee and Gnha, 1933 ; Datta and Banerjee, 1934, on fish oils]. From these 
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data it appeared that for comparative purposes, only the central portions of the 
liyers should be saponified and that as for as possible, bhio units obtained from 
the same amount of the original liver should be compared. It has, liowevor, 
been found that the latter requirement is almost impossible in practice, heeauso 
even among the same species, low amtmnts of the liver extmet of healthy animals 
gave measurable Lovibond wadings, whereas with tlie diseased ones, comparalivoly 
much greater amounts of the liver extract bad to be nsed for accurate measure- 
ment of the colour. While, therefore, an attempt was made to use the same amount 
of the liver for the colour estimation, a second arbitrar^y standard of colour was 
also chosen, namely between 3 and 5 blue of the Lovibond scale (as suggested 
by Davies) and suitable amounts of material were used to give a bine colour with 
the antimony trichloride reagent within tins range. Without these precautions, 
especially the w’eight of the material nsed, a tiompiirison lietween the blue units 
of animal livers, oven of the same species, loses much of its value because of the 
great variation in the Moore units per grin, of liver rvben diiYerent amounts of 
the liver are used for their determination. In Tables IV, V, VI and VII, the 
vitamin-A reserve in the livers of soveral species of animals under din'erent con- 
ditjona are showm. The actual amount of liver used in the determination of 
the blue units is Aown in the tablea in ovory ease . It must be noted that an 
accurate comparison between two or several anhuuls having a vtsry high and 
very low vitamin contmit is not possible under the conditions foiind In tliis invosti- 
gation, and as such only n rough comparison could he miulo. 


Tabkg IV 


Bill Bulls 



Berial 
■ No* 

(Brand ■ 

. ■ ■■■ 1 

Condition prior to death or 
Blanghter 

Feed 

[ Weight ■ 
j of livcjr 

1 ■ used 

in mg'.' 

T " 

b 

I ■: 

Blue 

'utiils 

! . ■ 
f 

j 




■ i ■ ■ 

! , . ■ ■ . 

1 " 

• i 

45 

1 Healthy.'. ' . ' ■ . ■ . ■ . 

1 ■ '■ ■■ ' 

Grain.. ■ 
pastun^j. Iiav. 

■ Do. ■ : 

20 ; 

400 

2 

9 

1 Do, : -v.^ ■' ■: 

:'20 

.■40a 

3 

26 

‘ Do.-. , ■■■:.. ■ V . . 

1)0.;. ; 

^■■20,-.-'- 


■ 4 

.(TSft , 

1 ;-Do. 

;;Ten^;i!oyK '011 

, A; 

d o 11 'O.! .0 n't 


2fl() 
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' Bo. ^ , 



'.2i'8'^7- 

illii 


Four lymph glands anti 

;greeh;;'i 





left lung aHected. 





VITAMIN-A IK THE LIVERS OP SOME FARM aKiMALS 
Table 


Serial Brand 
No. No. 


, ■ J 

Condition x^rior to death or 
slaughter 

Feed 

Weight 
of liver 
used 
in mgs. 

Blue 

units 

Expeuhnental T. B. Injected 
with 10 ingm. bovine T. B. 
c Lilture subcutaneously 

and later intravenously. 
Condition good. Killed 

after a year. No post 
mortem lesions. 

Grain, green 

fodder, hay. 

50 

, 225 

Exj^erimental T. B. Post 
mortem lesions positive. 
Condition fair. 

Do. 

50 

160 

Becovered from Rinderpest. 
Condition rather poor ; died 
of acute gastro -enteritis. 

Only hay during 
the disease. 

100 

130 

Rinderpest : died on the 1 4th 
day: Coccidiosis as well. 
Condition x>oor. i 

Do. 

100 

80 

Rinderpest : died on the 14th 
day : Liver icteric. 

Grain and hay 

100 

G7 

Rinderpest ; died on the 12th 
day. 

Hay 

50 

170 

Recovered from rinderpest ; 
healthy : Condition good. 

Grain, hay and 
green fodder. 

50 

215 

Rinderpest ; destroyed on the i 
5th day. Condition fair. 

Hay ■ 


165 

Suffering from Theileriasis ; 
liver icteric ; Condition 
poor. 

Grain, hay and 
green fodder. 

100 

78 

Animal vaccinated against 
Blackquarter. Reacted i 

and survived. Subsequent- 
ly infected per os with B. 
pyocaeneous with negative 
result. Destroyed. Post 
mortem^ Petecheal areas 
in liver ; fatty changes, . 
mild congestion and early 
cirrhosis in the liver. 

Do. 

100 

'50 





Table V 
Hill goats 


iVI, II 



— r 

- 

. ... 

Weight 1 

: Blue ' ' 
Tinits ■ ■■ 

Serial 

3Sfo 

i 

Brand 

No. 

.... 1 

Condition prior liO death or ' j ■ 
■■ slaughter ■ d 

■ '.I- 
! 

.Feed • . ' , ■ ■ i 
■ 1 

’ ' ■ ■ ■ i 

I 

of. liver 
’nseci 

In mgs. ;■ 



Healthy • • * • ■ 

i 

' !■ 

Omin and. gi’een 

■m ■ ■ ; 

20 

1,125' ' ^ 

1 

NU, 

leiwefi. . ' i 

Do* ■ 

■ 20 

913 


2 

■ .fr 

■ Bo. - ■ /: . .,* 

10' ■ 

1,150 

Do.: 



1)0. * * . r *■ 

-20 

. 725 . 

Do. ' 

4 

»> 

. Bo, .. ... " ‘ .. ■■■ *.j 

20''.^ 

■ aoo 

. Do. .... .. 

0 

■ ■'19: ■ 

Bo* * • ‘ * 


;75 

0 


AffMtod with Bindt'rpe«t j 

Green. leaves od. j 

: 200 1 


vims ; do«tr«yod on tho ; 
6th day s Condition fan. 

\ ■" i 

.'■/'..'■/dOO;',.' 

20 


7 


Bocovoredftom 

■V.:V ',.^,Do. 


■■■• '^-dkHl: ' 'pnoitoonia;,; .ana . , 

debility i Condition very 







poor* 






Affected ’with Binderpest. 

Do, 

20 

591 

Died on the 4th day. 
Bindorpest. Destroyed on 

Do. 

20 

388 


90 

the 5th day. 




10 

122 

Bocovered from Einderpost. 
Died of penumonia and 

Grainand green 

20 

58S 


20 

600 



debility after about 23 days 
of virus inoculation. 

11 

lOS 

Discontinued from 

and Bothyma. “ 

pneumonia and dobinty. 

Do. 



50 

165 

WWM. 

139 

Rinderpest. Destroyed on 

.. ■' Green .leiwes ■ ■ *. 

the 6th day. 


20 

1 . . 

375 

iiilll 

137 

Rinderpeat. Died on the 6th 

Do. 

day— peritonitis. 



500 

illiill 

130 

Rinderpest. Destroyed on 

1 ■ ; 

Grain and green 
leavers 

, 20 
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, Tabi.e. VI . 
WMte Babbits 


Serial 

Ho. 

Brand 

No. 

Condition prior to death or 
slaughter 

1 ■ ■ 

1 ' 

Feed 

Weight 
of liver 
used 
in mgs. 

Blue 

units 

1 

*: 

Healthy . . . • 

Grain^'and green 
vegetables. 

50 

160 

2 


Do. 

Do. 

50 

130 

3 


Do. . . 

Do. 

50 

185 


Table VII 


Horses 


Serial ! 
■Ho. 

Brand 

Ho. 

Condition prior to death or 
slaughter 

Feed 

Weight 
of liver 
used 
in mgs. 

Blue 

units 

1 

364 

Suffered from chronic para* i 
plegia. Condition poor j 1 
destroyed. 

Green fodder, 
grain and hay. 

200 

88 

2 


Animal suffered from 

“ Kiimri ’’ ; destroyed. 

Foal; 2 months old. Sprayed 
intranasally with eznulsion 
of 0 . equi. Died of pneumo- 
nia. 

Do. 

200 

63 

3 

386 

: Milk .-i 

■ 1 

300 

50: 


Table VIII 

Dairy calf, Holstein Hariana : No. 209 : 2 months old : sufforod from 
diarrhoea and died. Post mortem observation — Congestion of the intestino. Bine 
units on 200 mgs, of liver — 41. 

Discussion 

In considering the foregoing results, it has to be rememliered that the data 
are not sufficiently numerous to allow any statistical analysis, and any conclusion 
which may be drawn is of a tentative nature. It may be recalled here that 
Wolft‘ studied more than 9G0 cases and Moore studied over 300 cases. In one 
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respect, liowever, tlie datii o1'>tai:iieii oir bulls and goats niay be to bo 

more reliable tbaii tliose obtainable on liuman livers, because in the ease of tlieso ■■ 
animals, the conditions 'are better defined, the food siipply can be siandanimed ■ 

■ and’ the instory . of, the , indivifiiiai m'liniab is ’known.' ''fE ' tills fireliniinary wmk, 
'bowever, we have in>t ' been '■ abb tri sdandardlse the feed a chose anlraals aath ' 

■ ocEiiparab’b notritkaial history. ' It may be that' for this, TOason vitamin- A ’ 

reserve imthe livers of even healthy .animals has ^ shown consklembfe variation. ' . 
Thus the valnes of vitamin reserve in liealthy hill bulk lie within the range of 
2o0: to 438 bine units in three ariimak '(a very lostiflleioiit iuiiubcr ; ininiliers 7 ’ 
and 18 might .be eonsfd'erer.1 practically healtiiy) Avitli an aviTage of 8b2 units, ' 
and ill the. case of healthy goats, Avithin a range of 725 to 1,125 in live ’anim.ak 
with an average of 043 units. In the ease of hill bulls, iO days on avitamitvA 
deficient diet appeared to loAver'' the reserve of this Adtamin in theiiver only to a 
slight degree. It is, therefore, of interest to note that hard! Ay in any ease do we 
find a bine value in the liver of an animal (bull or goat) suffering from a (liseaso 
eloHcly approaching the average blue value obsenmd in the liAmrs of healtiiy animals 

'"of the same speeics. 'This cdiHetAmtion seemB to.iinlieata that in certain, diseases' 
Bueh as rintku’pcst in bulls abd gouts, there is n pD.ssil>ility that tln^ vitainin-A 
reserve in the livers may be depleted. Whethc^r this is n direct cflcu'?t of the disease 
or dutJ to iiiamtion following upon the inappetcnce and {llgiwtivo irn^gularitios 
due to tlio lesions caiwd by the disease cannot at present bo stateiL It may 
bo pointc'd out hero that in our routine rinderpest Avork, the unhnak (bulls) actually 
going through the disease are not supplied with any green pasturt^^ inuixiinum 
period from the onset, 15 days). In the case of goats, green leaA^es are supplied 
ad Uhitinn^ but no grain ration ivS giAmn during this infeotion. As already observed 
in the case of bulls on vitaxniii-A deficient ration, this withholding of green fodder 
for a short period is not likely by itself to lower to any considerable degree the 
vitamin reserve in the livers of bulls going through an attadv of rinderpest. Ad- 
vanced tuberculosis and Theileriasis in bulls also apparently lead to a diminu- 
tion of the vitamin reserve. One animal, Bull 55, was drenched Avith B. Pyocaene- 
ouB, but did not beeonie clinically infected. Curiously enough, this aninutrs 
liver also gave a Ioaa" vitamin-A Andue. A histopatliologicul {examination of the 
iiA'er showed mild congelation and early eirrliosis. 






In the case of rabbits only healthy animal livers have been examined to 
provide eomparatiA^e data. It is well-known from ^Icllanbyk Avork [11J84J that 
avitaminosis Ji produces serious disorders in this spccirjs of aniinaL 

In the case of horses, apart from the foal which might bo oxptadod to have 
a low vitamin resarA^o, both the other animals had suffered from paralysis and 

■was':'>xf. bite,’ .usual', 'type,, 

aiid contained green fodder. The blue values appc*ar to be low, but as no livers 


V: 


VITAMIN-A IN THE LIVEES Ob' SOIviE PABM ANIMALS 


m 






No other animals have as yet been studied by us, but some references, often 
of a qualitative nature, are available in the literature. Thus Eosenhelm and 
Webster [1927] stated that fats of the sheep, calf and ox contain on the average 
as much as ten times the amount of vitamin-A as a good New Foundland cod 
liver oil. Wilson [1027] made a comparative study of the vitamin-A content of 
extracts of the livers of several animals. Wolif, Overhoft and van Eckelen [I9B0] 
studied rabbit liver and Dann [1932] gives some data showing the passage of 
vitaniin-A from the mother to the foetus in the rabbit. Moore [1932] has given 
some quantitative data on the vitamin-A content of the livers of different breeds 
of cattle and has shown that breed has a very important effect in this connection 
and Davies has given some data on sheep, ox and pig livers. Some work on the 
vitamin-A content of pig liver has been reported by Dunlop [1934, 1935], 

Lastljq mention must be made of the interesting investigation of Guilbert 
and Hart | i 034] on the storage of vitamin-A in cattle and of Guilbert and Hinshaw 
[1934] on vitamin-A in poultry livers. 

If a comparative study of the storage capacity of the livers of healthy animals 
of different species for vitamin-A as given in this paper is made, it is found that 
goat liver has a reserve vdiich is more than twice that of the bull liver and six 
times that of rabbit liver. Since carotene, which is the main source of vitamin- 
A in these animals, is supplied in fairly high amounts through the green feed, 
it is likely that the marked variation in the vitamin-A reserve of the livers in these 
three species of animals is due to a difference in the metabolism of carotene by 
these species. Whatever the explanation may be, goat liver appears to be a good 
source of vitamin-A, 

■ ■ .Summary , 

A study has been made of the vitamin-A reserve in livers of several species 
of animals by the antimony trichloride test. It is found that the central portion 
of the livers usually contains more vitamin than the peripheral portion, that 
reasonable delay in sain^ding the liver does not produce any noticeable change 
ill the vitamin-A content and that the relation between the blue units and the 
amount of the material used for estimation is not linear at the dilutions studied 
in this investigation. There is a possibility that certain diseases, c.f/., rinderpest 
in bulls and goats, and advanced tuberculosis and Theileriasis in bulls may lower 
tlie vitamin-A reserve, but this requires to be confirmed. Healthy goat liver 
contains a much higher amount of vitamin-A than that of bulls, rabbits and 
(probably ) horses, and appears to be a good source of this vitamin. 

In conclusion the authors desire to express their thanks to Mr. J, R, Haddow, 
B.Sc., M.R.O.V.S., D.V.S.M., Serologist and Mr. F. Ware, F.R.C.V.S., 

Director, Imperial Institute of Veterinary Research, Muktesar, for their 
^onstgnt interest m this investigation, 
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AN AROMA-PRODUOING LACTIC ACID ORGANISM 
ISOLATED PROM INDIAN DAIRY PRODUCTS 
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AssktaniAgrimMiiralBadenologist^ 

, AND ' 

C.,S. KAM AYYAR, B.A., 

Third Assistant Agrimltural Bacieriologisi. 

(Keceived for puMioation on 12tk July 1935). 

Empirical natural starters in the form of curds or buttermilk for making 
butter continue to be used in the Indian homes and by gowallas, the professional 
dairy men in India, even up to the present time. Such starters were also in 
common \iaage in Europe and America till about the year 1800, when after the 
rise of the science of bacteriology, a discovery was made independently by Storch 
in Denmark, Weigman in Germany and Conn in United States of America that 
certain bacteria, which produce lactic acid from lactose in milk, were the causative 
agents in the souring of milk or the ripening of cream. The investigations of 
Storch led the way to the use of bacterial cultures first in Denmark for ripening 
cream in place of the empirical starters consisting of buttermilk from previouis 
churnings of good butter which were used before. The chief findings of the classi- 
cal discovery in the process of cream ripening and the investigations immediately 
following it show that different kinds of lactic acid bacteria induce different kinds 
of souring : (1) some give a clean sour taste, (2) some produce higli aciidity, (3) 
others give an unpleasant tang, (4) while still others give a mildly acid but strongly 
aromatic taste. 

The hacteria-1 cultures used as starters wore, at first, considered to be iniro 
cultures of a single variety of the lactic acid organisms. Tlie organism commonly 
foundinsuchculturestartersis the variety which is predominant in sour milks 
and recognised as Streplacoccus laciis, (Lister) Lohnis. Orla Jensen has named the 
variety occurring in well-ripened cream in dairies as Streptococcus cremoris (Orla 
Jensen) and distinguishes it as different froro 8. lactis on account of some diflereiices 
in morphological and cultural characters. Both the.se organisms, however, produce 
the same amount of lactic acid from lactose in milk and are similar in many res- 
pects. It was soon realised that pasteurised cream, when inoculated with pure 
cultures of any of these lactic acid organisms and ripened, did not always yield a 
butter of full aromatic odour and mild acid flavour as was obtained with some 
natural starters, t.c., mixed cultures used in certain dairies. This led to the 
suggestion that there may be some other organisms responsible for the flavour in 
butter from particular dairies which were renowned for their butter. A search was, 
therefore, continued by bacteriologists for isolating and securing cultures of 
' ( 141 ) 
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baeteriic other taiiii tlic; laetie acid, organism, in the dairy starters which prcLluced 
biittra” with full, aroma and good fiaA’-our, as well as in cominorcia! starters oiado from 
sueli -dairy ■sta.rtors. The discovery tiiat two dii!ei*ent typi^s of bacteria are present 
iiL.goocl .-stiiite made in tlie year 1919 iiidiipendBntly in three, eonidries. 
■Btdveliotttairi^^ Vr.ios,[l9l9] in HolluntI, Hammer and Bailey [IDIO] in U. B. A.,' 
and Btorch [1919] in Deinnark found that mixed cultures of lacHs (Lister j Lohiiis 

or S, cremoris {-CMa- Jensen)', and, anotlior ' typ-c^ of organism %?hon inociulated iii', 
pasteurised erea.m pr-odiie-e the ehara-eteristic aroma of good butter. - This type of^ 
orga.nis.!n. is- called AS. cUrovorus or bS. parmiirororm. by Hammer, VX * bacteria 
by Starch and ' Beiamten a cre-moris * by Orla Jen-sein Although named dlflbrently, 
these - orgaiiisins appear to have tlie common .eliaracteristie of producing aroma 
in Initter. 

■ Whila, o.ngaged in .an iiivestigatio.ii of lacdic aiM t>rgan.isms in dciH,' the prln- 
■eipal Bt-arter- used by Tndiane, we made litteinpts to find out whether the dairy 
prodimts'.; in India 'coiitainedwny 'flavour-forming organisms', similar to thos«L just 
ineiitioimd..,and; whether their , activity' continues throughout the year or is, res- 
tricted :'to any .particular sea.Bon, In this connection 'wa examined soveriit samplos 
of miik, duhi and butter by plating on pur]>le lactose agar and making pun^ cult hits 
from single colonies appearing oti the plates. While examining the culturai 
'■charheteristfcs.ofHieaevoraloiganisroB iBoiatoddjy.us'wepa!^^ :acroHS'.one,c>i|^anisni; 
wdiich coagulated milk at 2 PC, without any gas and with little acidity lifter iiietiba-' 

■ tion for 24 hrs. The flavonr of tht*. curd produced by tins organism was diflerent 
.'fr 0 m-- dhe\.;flavonr^ Iiy ■■tho; uBtial lactic acid -; organisms present' m: fkM. 

',Jf 0 ncetMs'bi’ganismhppeared'toco.m,bmo-ln;it the oharacteristies of 'both, the laetio 
acid producing and aroma- producing organisms, and wo considered it lilcoly to be 
useful In dairy practice. A detailed study of the cultural and morph oJogical 
eharaeteristies of pure cultures of this organism ivas, therefore, made and its ability 
to produce flavour in butter xvas tested by using it as a starter for ripening 
pastmirised cream. The results of this study are included in this paper. 


' ’ :,'.E3C?BRTAf:ENTA.E . 

(1) Isolation tubes of sterile milk were inoi‘U.lated with a small 

quantity of each of the folhnving : 

(a) Butter of various brands, 

(b) Spontaneously soured creams, 

(c) Daki from different localities, 

(d) Milk incubated for a few hours after addition of lime juii‘o. TIk^ ino- 

. ' dilution plated on purple lactose agar, and the plates incubated at 
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From samples of (g), (h) and (d) seTeral strains of streptococci were obtained 
of which many proved to be S, lacf/is (Ijkter) Lohnis, while a few isoiated from 
butter samples appeared different. From samples of (c), in addition to streptococci, 
another organism similar to the Bulgaricus type was most frequently isolated. 

From milk samples in the cold season, strains of streptococci, similar to those 
from butter samples, could be only occasionally isolated. 

(2) The ability of the different organisms to produce volatile acidity 
lactic acid is odourless, previous investigators liad considered the mild acid 
flavour in samples of good butter to be due to the formation of some volatile acid 
produced during ripening of the cream by the organisms in starters. The fact 
that good, starters, when inoculated in milk and incubated for a week and then 
distilled— after acidifying by sulphuric acid— with steam, gave a large amount of 
volatile acid, whilst indifferent starters gave a decidedly lesser amount, appeared 
to lend support to the above view. It was further found that the addition of 
citric acid to milk or cream considerably increased the volatile acid produced by 
the organisms in good starters. 

The ability of some of the organisms to produce volatile acid in milk wdth and 
wnthout the addition of citric acid was, therefore, tested seve,ral times to find out 
whether they possess this quality of good starters. 250 e.c. of milk was used in 
each flask for inoculation with the respective organisms and after a week’s period 
of incubation, the Yvdiole quantity of milk v/as distilled with the addition of 15 
c.c. N H2SO4 in a current of steam, and the distillate collected until it amounted 
to 1,000 c.c. and titrated with iV/10. ISTaOH using phenolphthalein as indicator. 
The results of one typical experiment are given in the following table : — 

■ Table I 




Volatile acidity produced by different organisms 



No. of c.c. of N/IO. NaOH 
required for neutralization 
of distillate (Average of 4 
tubes) ^ ^ 


1 . S. lactis from soured cream 

2. Bulgaricus type from dahi . 

3. Streptococcus from a sample of good butter 

4. Streptococcus from milk and lemon juice 


Milk 

Milk and 
citric acid 
(0-40%) 

I:,,. ;'::" I;; 

8-0 

. 10*0 

12-0 

14*5 

24-7 

43*9 

9*5 













i 
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Three of the orga.iiJ>ni?5 did not prod it ee aii^r appreciable anioiiiit of volatile 
add nor did they show any marked, inereaj^e in volatile aciditV' after ad.d,ition of 
citric acidj but the stre|>tococeria from butter sliowa in milk alone a liigh volatile 
■acidity,., wi’iieli U fortber .mcrea^TNl, by tba addition of citric acid to milk. The. 
■number of e.cs, of 2^/10^ HaOH reipimTi for xieiitrali^^ the dlstllkde from 5c 
rftfotY)rM 5 ’ciiltme. a^ 'retNmlcd by Hammer (1920] are 2tKl Avithont citric acid and 
57*3 with' citric 'acid on an avi*ri.ige, Avhikvfo'r 5. parmifmmrns the num1>em 
.■recordeii by Ha..nimer [10231 are 2 Hm 1 in iidlk Avithout citric nvhl and 73*0 in'miik 
'Avith eitrlc acid, the least 'niimber ^ c.c. of A'^/IO .Ka(,)H reipzired for neutralising 
the distillate from mf,ik and citric acid ciiltureof '5. parmitmimrits being '"dd* 4. 
Judged by .'a comparison with, these two 'sots of residts, the streptoeoeeug. j.solated 
by us from butter appears to be a 'citric acid' fermenter mon:^ akin to 5. eMmmrm. 

{^' Melaimi qf to grouili and aciivitu of the. sireptoemens from 

■ bniim — ,10 CAL tubes of' sterile: separated milkAvere inoeulated with the orgamsm 
.and'meubated at'2H(k, hiid and the acidity determined by titnitkm 
wvith T’v'/K) KaOH after "24 ho'urs and 72 hours. Tim fidlowtng table giveS' the 
, number of 'e.e. of i^/10 KaOH required to neutralise the acid formed ; the hgures 
represent the : averagiy for four 

TABUTifl' 


,^^)mpcratvire of ii'zcubation 


■'■'30^0 
■ B7^';0' 


■| After ' 24 hra* 


Afirr nim. 


i 


■i’4 
',10 -2 


II) *4 
11 -4 
,10*1 



The optimum temperature for the growth and formation of lactic add by this 
str'eptoeoceiis' from tlie abov'e table is regarded to be beeause It has given the 
highest acidity' at'this temperature after 72 hours,, although .the /organism’ ehowB , ' ■■. /;■ :■ 

nearly equal amount of ac‘id at the other temperatures. ^ S 



■/■':■"'. ^ “Greain ' ripening tests with dlifemit'. oiganisms: ware 

next carried out to see which of them gives an>ma to the butter. Three lots of 
■cream., each 4 ouiiecs, were heated and held at lOOfth for half an hour and sepa- 
rately inoculated after cooling Avitli the following organisms:— 

ft*) Sireptocoems laciw. 

(n) Bulgaricus type from daM. 

; (Hi) Streptococcue from butter. 

After keeping for 48 hours at 2l'*C, the creams were churned and the butter 
separated out from each. The samples of batter were Bubmitfod to different 
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persons for jiiclgmg the taste and flavour. As a combined result of the judgments 
of several persons, it was found that: 

(i) Streptococms lactis butter had no flavour and was mildly acidic. 
This blitter stood second in the order of merit according to the 
judgment by taste of different persons. 

{ii) Bulgaricus type butter had a d<5cided acid flavour and a strong acid 
taste. This butter stood third in the order of merit, 

(m) fimn good blitter gave a acid tasting butter. 

It had also aroma and flavour. This butter stood first in the order 
of merit. 

The experiment was repeated three times with identical results, 

(5) Large-scale iiremnr'T^^^ tests.— A large-scale experiment on the produc- 

tion of !)utter from cream was conducted at the Institute of Dahying and Animal 
Husbandry at Bangalore in J une 1933. The cream used ivas mixed (morning and 
evening) . The morning cream, after separation of milk which had been pasteurised, 
was kept without any further treatment till the time of inoculation, No effort 
was made to prevent an^^ natural souring of the morning cream except that it was 
kept immediately after separation of the pasteurised milk in a cold temperature 
room. After separation of the evening cream, both were mixed and divided into 
lots of 9 lbs, each in separate buckets. The starters for use were prepared in 
separated milk from pure cultures. The cream was ripened for 24 hours at tho 
dairy room temperature, about 22°C., to 25”C., and then transferred to the cold 
room. The butters were scored according to the combined judgment of several 
persons including the Imperial Dairy Expert, the members of the staff and some 
students of the Dairy Institute with the request that they should place the 
butters in order of merit : and the final places were determined by adding the 
mimbers of the order which each butter obtained. The butter with the smallest 
number w^as considered to have obtained the first place. As this common general 
jiidgment tallied with the expert judgment of the Imperial Dairy Expert, no 
attempt was made to have aii}^ more accurate scoring of the butters . The results 
are given in the following Table 

Table III 


Organism tested 


Dahi organism (resembling the Bulgaricus typo of 
lactic acid organisms). 

Streptococcus lactis 

Culture of the organism (Streptococcus) described in 
this paper 

The local starter used in the Bangalore Dairy . 


Per cent 
acidity 
of ripened 
cream 


The place 
obtained by 
the butter 
from orga- 
vnismsinurd^'' 
of merit 
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As this refixilt ooiifirmcd tlio om* obtained at Pusa., tlioro is littlo doubt of tho 
superiority of this orgaixisui as a starter in dairy practice in India for producing 
flavour in butter. It may not be out of place to point out bore that tJio superiority 
daimed is in respect of the use of single cultures only. It is pos.sil)le and perhaps 
natural to find, as was our experience in other investigations not reported here, 
that a mixture of two different cultures may give a bettor-flavoured butter than, 
tho one produced by a pure culture of the stroptococeus under study used 
mngly. Tho cultures of tlie flavour-producing streptococcus investigated by us 
may not bo necessary for those dairies which may already bo using starters which 
contain the flavour-prodiicmg organisms in addition to tlvo usual lactie acid orga- 
nisms ; blit dairies which are using indiilerent starters will certainlj” benefit by 
resorting to the use of cultures of tho flavour-producing organisms similar to the 
one investigated by us. 

(6) Test for aroma and flavour-frodnemg substances by the organisms in ml • 
lures . — It was at first generally bedieved that the volatile acids produced by the 
organisms wore the chief cause of aroma and flavour in butter, beeauHe Evans 
ct al [1914], Hart et al [1914] and Evans [1918] had isolated and studied organisms 
producing volatile acids from Cheddar cheese and suggested that they are respon- 
sible for volatile fatty acids and the flavour found to be {lovelopcd during the 
ripening of cheese ; and Hammer and Bailey [1919] had found volatile aeid.s pro 
duced by the citric acid fermenters in amounts equal to that of good sfcartci'.s. 
Eecent studies carried out in Europe, by Schmalfuss [1928], Hchmalfu.ss and Barth- 
meyer [1928] and VanEiel, Klnyvor and Derx [1929] have, bowevea', clearly shown 
that it is the presence of an organic compound “ diacctyl ” having the formula 
CHg-GO-CO-CHa,— the oxidation product of acetyl niothjd carbinol— which is 
responsible for the development of aroma in butter altliough the volatile acids 
as a factor in the development of flavour is not ruled out. BJicIiaelin, Fanner and 
Hammer [1933] conducted a series of experiments with citric acid fermenters 
associated with S. lacHs in milk cultures and have confimed the above results 
obtained in Europe. Those investigators found that the organi.snis S. cUrovorm 
and fSf. paracMrovortis produce considerable amounts of the above-named siib.staiiees 
in milk to which citric acid is added and likewise iuipfirt salisfiietory fla.vour and 
aroma to butter when inoculated conjointly with aV. lactis. Wo, therefore, 
attempted to find out whether “ aoctyl-moth3d-curbinol and diacctyl ” an.* formed 
in miUc alone and in milk to wliieb citric arid has been added by the orga,ni.sm isola- 
ted by ns. For comparison wo used two lactic acid organisms isolated from dald 
and also one of tho several cultures wliioh xvore kindly supplied to us by Dr. Hammer 
of the Dairy Section of tho Iowa State College of Agriculture. The procedure 
of determination of acetyl-mctliyl-carbinol-f-cliacetyl was tho same as ontliued 
by Micbaelin et al [1933] and insisted in steam-distiilijig 200 gnus, portions of 
milk cultures to which 40 c.c, of ferric chloride solution luxd been added and 
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colleetiiig the distdOate in fractions Tr,+J,„p .• 

wereadded a mfetxneof the foiwlg «ate 

hydrochloride (20 per cent solution). 

1.0 ' 

If the &stT ” t- ' f and warmed to 80%. 

to the second fractirnd^rreS^ of hh“diSlSr' the reagents were added 
given are suiBcient for about hundred nmms di , of the reagents 

[1927]. The distillate xritJi ducetyb according to Va« Niel 

complete crystallisation. Thisen n. i " ^ “dowed to stand for 24 hours for 
ona water-hatli atSOT!.' The nicl efsah m dy heating it to one hour 

leeorded lus mgms. of niid-fd Qolf ^ i Ci- ^^iKi tlie resialts 

diaeetyl per 200 grms. of milk. The^uiaStv off! • ,7®*y’-”'®*hyI-earbinol+ 
oxidise! H^cetyl-nH in r 7 i solution used to 

kindly nii|iplio(.l hk .siimplcH ],y a Jinn (,f inaimf wt’ *’■ ^ *T were 

' . ' ' T.4BLE i:v : ^ 

vmmknt io 


Culture used 


Ko, of days 

, of , llilk alone 

tueubatioji 


Milk ]jJus 
0 • C per cent 
citric acid 


pifoirtococous under si ntly 
' "h«lyH-Hamm«rs cub 

Streptococeiis lactisf 
•Stiuiptococeus under study* 

Hammor’s culture, M. 29 

iSireptococeus under study ’ ‘ ' 


4 ; Trae(?s 

4 Traces 

B: \ ■ ■■ .'M? 

' .5 I Tro-ces 
B ' .I ; Traces 

5 ■ I Traces" 

■7' :■■!■■ 


I’races 

77 


irdm the Table IV, it is clear that in milk thev do 

quantities of acetyl-mothyl-carbinol+diart! 1 t I ^ ?, detectable 

to milk, both M 99 and Se o, ^t^e acid 

amount of acetylicCtbli:"^^^^^^^ 

even with citric acid addition to mhJ S ’ I f'' Produce any, 

incubation, the 

»e orgapi.™ „pd„ 




148 THE INDIAN JOUBNAD OE VETERINAHV SOIDNCH AND ANI?t!AL liUfciBANDHY | VI, TI 

forms acetyl-metliyl-carbmoUand diacetyl, but tifterwank utilises these eompoundB 
for its own use or decomposes them. This would bo in aeeordanee with thc^ resnllB 
of Miehaelin et al [1933]. A fresh experiment was, therefore, eari'iod out- and i he 
products determined in separate flasks containing milk and citric acid which -were 
inoculated with the orgaiiism under study and distilled Avith steam at diiiVrcivt 
periods. The results are given in the table below 

Table Y 

Mgms- of niekel salt equimUnl to acetyh-methyhcarbinol and diacetyl in "dfW 

grm, culture 

} ■ , ' Milk+O/S 

Culture , Ko. of days | per ccnt> eitric 

I ■ I ■ ' aeki 


' ^ ■■ AIgms. 

Streptococcus under study . . . . . i 1 MU 

^ - Ditto- ■ . ■ >-. ■ 2 . 7 , 

■ -.Ditto.'' . A-.' , ' , ; . ,;: l: , , 28 , 

.A- 'yi-mto-:'' '■; ■ ;:v '.a . s: '5 ^ to 

1: ■ 1 : , , ■ f. IS, 

These results show that the acotyd-motlnd~<*arbhiol4dla.(A,^t\} is produce d in 
small quairtities in the first 48 hours of the culture and that it rctudies its imiximiim 
on the fifth day and subsequently declines eonsidernbly on the suvcidh, rather 
suddenly, suggesting that it is lost not so much by cviiporation 1,ty behig assi- 
milated and decomposed by the organism itself for its owm ust>. Incidentally, tliis 
behaviour of the organism provides a useful hint that the time to 1)0 allowed to 
develop the aroma in the ripening of cream cannot be cxtcaided iay oud a certain 
limit which can be ascertained with the cultures of starters used in dairies, Ijy 
the above method. 


(7) Morphological mid biochemical cJiaraciers*-^'Wo next turned our attention 
to a study of the morphological and bio-chemical characters of the organism. A 
description of these prepared from the results of our observations is as follows 


J'omi.— Spherical or slightly longer than broad. Usually armigvd m 



pairs in milk culture. Chain forimttion occurred in agar, 

/Si2:e.— 0-a.l*0|ji X0*74‘2p. 

Motility .^ — ^Tha organisms have not shown motility at any time. 

Staining reactions . — Stain readily with aniline Htainsjgrain positive. 
Cultural characteristics r — 

Whey agar streah.—Mkrt 24 hours at 2rC. small non-viHcid elose^^ 
grouped colonies precipitate in condensation whaler. OrowdJ; 
was feeble on Lemeo agar. 

Agar aia6.~— Slight growth at the surface, but more along the line of stab, 
y^cultative anaerobic. 
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Purph luctoKe ai/ar—lleilmm chaiigfrl to jdlo\yoft;er 24 lionrs’ growth 
at 21°C. ITmler low magnification, drcniar rough-edged, vorjr 
minute colomes whicdi did not iiierease in after further incuba- 
.tion.' ■ V 

Wheif gelatine stab . — Gelatine not liqixefiecly growth along stab 24 hours, 
fijiform ; little surfaeo growth. 

Boimons.^o growtlr in plain bonillon. Sediment was observed in 

bonillons to wliich fructose, galactose, glucose, lactose and maltose 

had been added, but no growth in hoiiilions with glycerine, sucrose, 
mannitol or raffi nose. ' ’ 

Pofofo growth was not evident. 

Plam milk eoaguMes smoothly in 24 hours at 2FC. No gas production. 
Acidity was distinct. 

mfiX-.—Litmus was reduced and decolourised at first, but turned 
red .afterwards and milk coagulated. 

SiocJmnieal features— 

Gas production.— 'No gas produced from any sugars or otlier fermentable 
materials. 

Acid production..— ’Distmat acid production was observed. 10 c.e. milk 

titrating on an average to 10 ‘O c.G. JV/IO NaOH. 

Oxygen retoiow Faeultetive .anaerobic. 

lixamination of the.se characteristics shows that the orgeanism is closelv 

citrarofMs (Hammer) from which it differs in the fact that 
while A. citrovorus^ doe.s not produce much acid and does not coagiiLate milk, this 
org<amsm .as described above produces acid .and coagulates milk within 24 hours 

Offers also from 8. paracitrovorus in producing stronger 
total aoiddy—ahont 0 •» per cent as eompared with 0-4 per cent to 0-7 per cent 
total acidity produced by S. paracitrovorus and lesser amoimt of volatile acidity 
han (S. paxacitrovoTus, as has been already observed. Thus, althoneh .a citric 
acid femionter ihself, tlie org.anism described by u.s differs from the two" described 
by H imnui in it.s marked ability to produce a Large .amount of lactic acid in milk 
we, 1 hi n frie, propose to c.all it “ Streptococcus laclis aroninticus ” Nov. Sp as it 
combiiH i the property of producing lactic acid with the production of diacctyl or 
Its pi. , ms .r acetyl-methyl-caridnol in high amount in milk with citric acid. 

h in.ally, are may be allowed to say that our .aim in writing this paper is not so 
much to claim superiority for the organism described bv us, but rather to draw 
attention to — 

(1) the rarity of the aroma-producing organisms in Indian butters, 

(2) the nece.ssit.y of having the starters used in Indian dairies examined for 

the prc.sence of aroma-prodneing organisms. 
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(3) the necessity of introdueing sueli organisnis B-liere tl.ev may not be 

idrmdy present in the starters if improvemen^^^ 

01 the butter is desii-ed, and 

(4) the^fact that we have a oidture of such an organism which has been 

found useful in improving the aroma and flavour in comparison with 

the organisms usually present in many locadities in India and with 

whichabegmnmgmaybema^ 

.1 develop tlieir own starters eontainiim 

the best aroma producers suited to their locality. 

Summary 

shows tli»t 4ho oigsmras producing aroma in butter ai. oomparativclv rf ran 
ooourronco m tbesa iwoilnols. Heno. ttoro Is a noccssilv of intoordim tic S 

be imprm cd. _ One such organism isolated l>y us from a sam t,le of yoed butter arid 
IS ability to ripen cream properly have been studied, and tliose tetsts Ijave shJwn 

.» Jt " *“■*" «“■ '"Pmi»n. tombed bv 

o )t. Si inlai to iS. a/mvm.i and rt. pf/nfcitrovorm, but on accounf „f if . 

imiikccl ability to jirodiiee latdie add, (^oiiibindi -wit]} rm i.i - i « ^ 

aroma in ])utter wo Lave H 7 r • b opoH \ nf prodnoinp* 
uiuiu.1, nave ihunod it mwmimis nm\ np. 
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ber of tliis Journal. Ho haf tl‘ 

records of various Piroplasmidea from goats ami Sclpl,ntf "'’1^ 

olsewhere, and given a fety adequate deserirti™ ^ ff “‘i 

in smears made in tlie course of a ^ ^ ^ ^ across 

vast amount of Jiteratm^^ -vammation of a goat. Tbore is a 

prevails as regards the 

therefore, be the desire of every worlna- to - species. It slioufc], 

fore one describes any organism -i ’ " '^**V to tliat confusion, and be- 

tions are correcriy - that his ;bsert 

ing descriptions of sinrilar org^^J^f 
or the miemphotogmphs ami the ^ 

ao^countofanerrorofinterpretation «« 

to i>laca It in a genus to which it does not belong^ 

■ RnMAnKS . 

Before dealing with the apeciiie orssnP^^ , 

remarks. The earliest record of pironh if ^'V-gomorai 

Iyer [iaS2], bntof D^^^^^^^^^^^ is not of Krishna 

plasms from a large number of domestie « ima K tv r !i 
« quoted by Bsehunkrn-sky and Trrodsei,e rich tT ^"'"^tophers 

site found in sheep in North and South Tmi fritr ™Barkod that the para- 
forms descril:,ed from other (^ountrie- ' m ' f ««! from the 
Mr. Sarwar observes as follows : of bis paper 

on account of the in- 

I am aware of the fact that certain atthoritit ShT ” 

as agenonename, in-stead ol Babesia Htavcovic^ Lq,f P^'^ttoa [1895], 

It, and that Bidlalia Franca [Kuoi" is now‘ t 
Wnns of HaW and not a 
authonty for considering Theilcria Bottmx. ourt 

inadmissible: y/iei7cTmd.9 a well established a.s 

oil .nm that the two are f 
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Wonyoii [3920], Eeiclieiiow [1029], imd oilier aiitboriiieB oh the nubjeet. 3)ti Toit 
. ' Classified, t3ie Piroplasm,i.dea into two Babmidm md:TImkrMae, emB^ 

.containiBg ,a nuniber of genera. Weiiyou coiiside.rs the division iiitio two fomilies 
' as justifiecl, hut, regards, eadv foinliy ' as coniaiiiiiig a single 'gmnm. mz. Bahesia -aTid 
' TJimleria. ' ■ The characters of the fiimfiles may be summed up, ■ as follows : ; ; . 

: ' ^Tamily BABESIME''Poclm mm-pigineiited paraaitesv of 'the' red ' 

■blood-corpuscles of mammals wMohmultiply hi the ecnpiiscle1ij,dlTisionitd two ■ 
■or four. They are of varying size-aiid shape, but usually arrange thouisolves in pairs' 

: of, pear-shaped-: indivMiials. The forms i.n tlie corprisc?]es ara asoxually reproducing : 

■, mdiyidualsrand possibly some are gaMctoiytes. €iemxi^ Babma Stareoviei ( 1893 ), '■ 

: ■ • Family THmLEEI'DAE du Toit, im] Noii pig.inente(l parasites of the red- 
blood corpuscles of mamiiials, Scliizogony takes place in the etidethelial cxdls of 
the ca-pillarie\s of the, intcaiial oiYia'Us imd the stdi]VA>ri.(;s Koclds blue bodies^") 
produce a. number of merozoites. Tlie 'parasites firialfy ii'ivade t'lie red r-orpuselos, 
within which they occur as roimd,' ovoid, roddikcor irregiibir .forms. they show :, 
no tendency towards 'a paired arrangement. Tbs' forms in tlie red ecsrpusclc^s 'do ■ 
not reproduce', and are possibly gametocytes, ■ Oenus Tkeihriu, Betfoueourt, 
Franca, and Borges [1907]. 

:/It'is'by''''no'means easy to decide whetlier: a/particular fbrui luct withdndtm ' 

■ peripheral’ , 'blood is B^hesm--c^ ■'a Theiterm* In : I:h 0 - former, the ■ camiiiisnis' 'aro' 
'■pear-shapadj ' and' reprodiiee in '■■ibo Wood --corpusdcns /iniio 'two ,or’ .four ' daughter .. 
individuals which,; ccaisequently ■Bhow.''a' tendency to ; pair, ^ Soimhirncs, ;howevcf, 
■■as-;-m'any -as 'a dozen or more, 'parasites can 'occur togotlior in a 'si,iig!e''corpu$«de,- 
'This increase. In 'immbem is due 'to- budding or bt nmltipla ififeetiorP'Aifiii.Js not ■ 
■eomparable'to.the:multiple fission as 'it takes place;in PlasmofKnm ^ ; T'ho'- parasites 
;-produce no' pigment, ■■ but' ■destroy; tlio corpuscles in. ' which' ’ tlioy 'a-re - contained, and 
set free (die haemoglobin which is ex<i’oie(l by tlu? kidneys of tin* host, producing 
:.h aemoglobinuria. : ' ''In ' :TM ileriai mi the ' other:' liand, , .seliizogony' takes' 'pi ace : m the : ' 
pndotheliala^ells ■of;t:he'majnIkih?s :of tho:;internalnigai:is aiid foriiiB 'p:r 0 diie 0 c!: the 
enter;; the:';rcd'''eorpuscles' ■ai\d.^'are,;'BeeB.::in ;the 'pcidpheral'''blocHl'., tliiliko' ■ - 

they do not multiply in the red corpuscles, 'flie Idood is eonsequmUly not iiifec- 
tivo when moenlatccl to healtiiy animals uiiIohh endothelial tvlls conluiidng sclii- 
zonts happen to be jireseut. Yakimov [3031] has given a iistdu! and print i(ta! 

6. 8(r, and Bahestelht Mesnil, dividing the species bclnnghig to the hitter into two 
:grdups:5agalfo.:;.%'is'';^s(hcme;^^'Bk^ :$|ieeies:; 

under consideration is definitely a-scortaiiiod to belong to Bakisia IBmplmma) 
and not to Theileria. 

Now wo shall turn our attention to the particular speoies under roferenco. 
According to the description of Piroplasnm tmjlori as given by the author, the 
parasites are mostly ovoid or round, pear-shaped forms being rare* Wlxen single 
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parasites are found ia a coll they measure 2 pt by 1 AMiough single parasites 

are frequently seen, it is also not uncomnioix to find two, foai% eight and sixteen 
elements in one red cell Anotlier feature Is the oeciirrence of a fairly large num- 
ber of parasites in extra-celliilaiv forms. The oceurrenoe of eight and sixteen ole- 
/ meats in a red coll as also the occurrence in fairly large numbers of extra- eellular 

; forms is quite unusual for a Babesia, and shows that the organism is a TheMeria. 

’ But the author rules it out by his remark that '' the absence of Koch’s Hue bodies 

ill the smears excludes the possibiliiiy of this parasite belonging to the genus Tkei^ 
f leria Now what are the extra -cellular bodies showing multiple division (vide 

his plates VI a and VII) ‘Hfthey are not schizonts or Koch’s blue bodies ? No doubt 
5 ordinarily in Tlieileria Koch’s blue bodies arc found in endothelial cells of internal 

; organs, but they have also been obseryed in peripheral Mood in certain species. 

I The author has compared his form Avith the three species of Babesia and with 

■ Theihria Mrcii preyiously kno^yn from goats. Although he mentions Dschunkoys- 

> ky and ITrodseheyich’s paper [1924] in his list of References, it is olndous that he 

j did not consult the paper in the original, as the following niisstatem outs of facts 

I ^ would clearly shoAy. Ho mentions (p. 172)’^ that T- hirci is cliaractoriscd by the 

I ‘1^ presence of Koch’s blue bodies in the lymphatic glands and internal organs, and 

I in Ms table fp. 1 70)"^ states that the species is ebaraeterised by the presence of 

); haemoglobiiiTiria, In botli these respects, the statements made are quite contrary 

to the original degcription. I quote the roleyant portions below 

Elements similar to Koch’s blue bodies or Plasmakiigeln ” were also en- 
countered in peripheral blood films. These bodies w^ere round or oyal, at times as 
large or larger than a blood corpuscle, and contained chromatin granules of vary- 
ing size and shape. We were imalde to examine the goats ’ internal organs Avith 
a Anew to studying the parasites therein, this being unfortunate in AueA? of the 
^ blue bodies ’ above referred to”. Further on, under symptoms they, state ' 
^MJrine cloudy but no haemoglobinuria ”, 

I Avill further quote Bsehunkoysky and Urodschevich’s description of the 
fonn as seen in the peripheral blood, ** the parasites occurring singly, in twos, rare- 
ly in threes, in the centre of the corpuscles. The parasites wore mostly small and 
distinctly ring-shaped, others being bacillary or nail-like, oariI or piriform ” . , . ... 

Many oxtra-celliilor parasites wore observed, all Averc rounded. Bod 

or nail-like foims are rare. Cross -like forms of parasites occur, each anember being 
piriform 

A pertisal of the above extracts will show that there is a compiete resemblance 
between Piroplasma taylori Sarwar and Theileria hirci Dsch, and Ui‘od., as regards 
form of the parasite, presence of Koch’s blue bodies in the peripheral blood, and in 
the absence of haemoglobinuria, and the two must be regarded as identical 
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_ Thmlmu hirdDsd^. and tJrod., mis t!c«ei-ii,ed from an^ds irri^ilK.ri-i i,, utv, 

riie same jear IjPsttKjnard ro(a«’ded 7 Vmj7«-i,, o,.;.. ,, , ' ■. ^ 

and found the schizonte in tlK. liver; s,foefo H 

■ observed a tramienfi lmenioglobinuria on i,e d w nF ^ 1 marmw, and 

ri!)2(5j regards this species as identieai ^Itii KhiL Sck 

rooOKtoi r„„. g„t., b,.t I ,I„,]I „,.t di«„ 
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Hoeiiioproteus (rileyi) u,. 
(The drawing is 



'• in Peacock’s blood, 
to scale) 
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belonging to the genera /foemf^S^ eorpusolea 

different species of birds. AJt4uvh rikoticaliv n ™wi'ded from 

beh>ng^t«thegenusi7o.,nop;n^“"^ 

genns Plammliu,n, ia definitely known of ibc^ , ease of mmibers oftlio 

cies occurring in different hoste, recent investTW^ “^P®' 

probably many of the se veral distinct species r4' tended to prove that 

tion that each parasite is specific to the , ■ . 1 ^. onthoassnmp- 

Keferenee to the check list^g”!: 

shows that pigmented parasites of the red hlood c available literature 
cnsMa.) have not hitherto been !— k (/W 

on record the finding of a halteridium in thb peioek 2 ffs 1 ' 
cause in this bii-d of a disease which proved fatal apparently the 

2«u .,f 

tohea.seriousilhaess;asitsmate.had di(4a wPel^°' " r^“ what appeared to him 

symptoms. It was oft feed dull its head l . - f ® Practically the same 

and the appearance was v y^ ^-thers wre rough 

was a white sticky discharge Cthe eZ.' S" f 

was 10/“p'. Xhe body was covered with V ^^^at time (morning) 

anaemic and the bird 'was so weak that it 

EXAJnHATION OJI' THE BLOOn 

bIood4rpuseles eoiitate^^SilcStmm f .*^'^* *^ number of the red 

however, did not «how «uch corpuscles; 

Amo„g tie If 

( 155 ) 
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BESOEIPTIO]^ OE THE HARASITE 

Eepeated mmiite examiHation of the blood smears revf^aled only gametoeytes 
in the red blood corpuscles. No schizonts could ho seen. These garnetooytes 
were apparent^ in different stages of development as shown by tho variety?' of 
their shapes—llings, pear, elongated forms, spindles, Ijoomerangs and typk*al 
halteridia encircling the nucleus of the host cell. In some, the cydK^pIasm stained 
a pale bine with Leishman’s stain ; the nnclens was situated in the <?entre, was 
large and consisted of a number of chromatin granules stained Intensely red and 
apparently enclosed by a membrane. In thesa gametocyies the brownish ])l?iek 
pigment grannies were collected together. These were apparently male gameto- 
cytes. In others, apparently females, the cytoplasm took a deeper hue with Leish- 
man^s stain and the nucleus was not granular hut compact. Tlie number of game- 
tocytes in each corpuscle was Tariable. Some red cells contained only one ma- 
toe garnet ocyte. In others there w^as a mature gametocyte on cmeh side of the 
nucleus. These were either both of thcAsame sex or of opposite sexes. In others 
again there were three or four gametocytes, some of tliem mature and the other 
immature. More than four gametocytes in a single corpuscle were not encomi- 
tered. 

TbANSMISSXON Xj]XrEEIMEnT 

A fowl was inoculated with the blood obtained from the peacock but daily 
examination of the blood of the fowi for over a moiitii failed to reveal any ])ara- 
sites. The parasite was thus not transmissible to fowls by blood inocuhition. 

Discussion. 

Further work on this parasite was unfortunately cut short by the o'wiier fail- 
ing to bring the bird to the laboratory, becan.se 3 as related by him, tho bird died 
two days after his visit to the hospital. Opportunity is being awaited to pursue 
this investigation further. In vie-w, however, of the clues yielded hy the iiu esti- 
gation that has been possible, there can be little doubt tluit the parasite of the 
peacock belongs to the Eoemoproieus genus of intra-corpiiseular parasites of bird 
malai;ia. It has been already stated that exaniination of the blood smears !ms 
revealed a notable absence of schizonts which are a characteristic feature of the 
memhers^ — now-a-days regarded as the truly malariiil— of ihv genus Flmmotlimn, 
The typical halteridiiim shape, the absence of deformity of tlic hmi cells and 1o 
some extent the non-transmissibility by blood inoculaiion are all points in 
further support of the view that the parasite belongs to the genus Hoemoproivns. 
As reference to the available literature has failed to reveal any mention of ibis 
parasite and as there is, now-a-days, among workers on this group a uniform ten- 
dency to regard such parasites as distinct species on the simple criterion of host 
specificity it is considered advisable, tentatively, to hold this species as a new one 
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until tlie contrary is proved. From the fate of peacock that came to tlio 
hospital and its matOj which, showed similar symptoms beforci death, it is 
sumiised that this parasite can cause an illness which might prove fatal in 
this^ bird. 


(1) The oecinTence of a species of in the Indian peac^^^ is 

recorded. 

(2) Pending proof to the contrary, this species is held to be a new one, 

(3) It is also surmised that this parasite can cause an illness which may prove 

fatal in. this bird. 
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Anmal NiUrUmi Sectmif Bmignlore. 

For both choinieal and plij^siologleal stndieSj it is the general eiisloia to droB* 
sam];)le of blood from the j ugiilar vein, after casting and secairing tlu‘ aiiiniuL This 
method has been found to have many disadvantages. The first and fui'emost 
is straining the animal to such an extent that the composition of the Idood is 
likely to vary during the time of sampling. Peters and Tan Slyke have stated in 
the Quantitative Clinical Chemistry Inteipretations, ** There is eonceniration 
of Erythrocytes and Haemoglobin during exercise and shock Seconclty, kdiing 
blood samples from pregnant animals is impossible as casting a jirc^gnant cow is 
not to be thought of. Further, casting a cow even when not prc*gnant may result 
in injury to the animal. Lastly blood has to be drawn from animals iindi?r diges- 
tion experiment. YTien such animals are east, it always Imppens that both urine 
and faeces are lost and the digestion experiment is spoiled. Yhiste of timci is also 
a point for consideration when many animals are to be bled on the saiTii^ day. 
a method had to be devised for drawing blood from the animal in a standing ynis- 
ture. The animal has, therefore, to be firmly secured, so as to prevent it frcun mov- 
ing backwards or forwards or from lying dowm or jumping up, at the same time, 
giving it the least exertion and pain thereby the chances of accidents are niiiu» 
mised. A detailed description of the travis recently put up in the Animal Nutrk 
tion Section at Bangalore satisfies most of the requirements. 
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The travis which is simply a niociifiecl dressing travis as used in the Veteri- 
nary Hospitals, consists of (1) Fixed wooden frame, (2) Front plank, (3) Sling pad, 
(4) Press pad and (5) Neck rope. The sketch (Fig. 1) overleaf is a picture of the 
wooden frame with all the measm'em exits. The front posts are longer than tho 
back ones, the posts carry two horizontal bars in the middle wnth holes at suitable 
lengths to receive cross-bars and the horizontal bars at the top do not reach the 
last vertical posts. For cross-bars, pieces of G. I. pipings 1 1 in are found suitable 
as they are strong and round. The two front posts carry two iron guards 2 ft. 
long in front of which one is fixed and the other moyable from a horizontal to a 
vertical position with fixing arrangements. These iron guards hold the front 
plank in position as shown in the sketch (Fig. 1). 


The front plank is 3' xT 11 and is padded on one side and fixed between 
the guardvS with the padding inside just before the animal is brought in. This 
plank apart from holding the animal protects the operator also from injury. 


Fig. 2, 


Figure 2 is the <sZr??r/ pad This is only a stuffed guniiy bag to which three 
thick ropes (preferably cotton or Jute) of sufficient length are stitched on. This 
padding comes under the animal and with the ropes on both sides tied through 
holes at the top horizontal plank of the w ooden fraine, supports the anim as if 
■onslingso 







Pia. 3. 


Figure 3 is the jjress which is another stuffed gunny bag about half as 

wide as the one described above to which four similar ropes are stitched on. Tliis 
cushion is placed over the hack of the animal and the ropes on both sides are tied 
to the bottom horizontal bars. 
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Fig. i. I ti 

Figur. 4 U to «am‘’ ’'“fait: ‘“^.d'Tto ^1° 

.ide,. Xh, top “^XS E«.l to th. middle rerticl p.eto. ^ 

ropes arc piineu g y _. iilAw-nlia'iicd ctiimj- cushions are made 

Bcadesto “’’“'“iX"*’ “o'^hich tlic untoal’e head is turned and 
toed, by means of a „|le„,t<.r to uninn.l Rets « m.>vu.B spore 

!:;Si *r::;".omos in 

"d to w i. stropped to to fr.„t post. ^ 

pads. V i«fiyfPdbeiore the animal is broriglit 

Working ojthe is introduced at the back beWeen the 

and as soon as the animal is selected according to the length 

second and the third , Traced in front just behind the front plank o pie- 

of the animal. Another bar i i ^ ^ introduced hetween 

vent the animal from str mg vi animal behind the horns, 

the two front posts and this Pf.®®® ^ effectively secured. But it inuy 

How the animal may be ^hat, the sling and the press puds 

make attempts to jump or he • attempt s t o nmve, the nock 

Trotied which l^oidtheanimal asff na mo. 

rope should he tied (this mu^ he at the nock hy this last, 

further movement is now p _ prominent. Now the animal’s bend is turned 

operation also makes the jiigul ^ ^ mentioned above. The entire task 

towards the post ^5j;^tes. In releasing, the ropes of the shng 

plrs'Se^parare untied 
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the traivis with all the parts fitted up and ready to receiYO the aniinaL Plate V, 
Figs. 2 and 3 are pictures of the same with the aniinai ready for bleeding. With 
the devices mentioned above even the most refractory animals can be made to 
stand still and so far, no ease of accident has happened. 

Blee(Ung.—l)T^mng blood from the Jugular vein is known to all professional 
people. They adopt very elaborate arrangements in sterilisation but those seem 
to be. unnecessary. An ordinary hypjodermie needle and a swab of tincture iodine 
are all that are necessary. The needle is sterilised hy swabbing all over irith tine- 
ture iodine and the seat of operation is also similarly treated. To diw ])lcfGcl 
the skin at the site of operation is pinched by the left hand and raised, the needle 
is then thrust into the subcutaneons tissue and after adjusting the length eillicr 
by drawing out or pushing in the needle, the point of the needle is brought near 
tlie projecting vein, then bj" giving a sharp and gen tie liiisli the needle is thrust 
into the vein wdiieh allows a. free flow^ of blood. On the other hand if an attem]>t 
is made to thrust the needle direct into the vein, the force ted to pierce the skin 
may displace the vein from its position and the needle is likely to miss the vein. 
The blood is collected by holding a tiifoe below^ as shown in Plate V, Fig. d. 
Blood samp]e>s arc being taken by this method alniost every alternate day uikI 
there hixs not been a single case of any alter-efteet, not oven the slightest sw^elling 
at the site of bleeding. 

Before coiKduding it Biay not be out of place to mention about the quality 
of blood collected thus. As tiniture iodine is freely used, the sample may not l>o 
fit for iodine estimations. But absolute alcohol may replace iodine in case iodine 
cstihiations are requircck As regards sterility, this niucdi can he said that the 
use of this travis eliminates two sources of outside contamination namely the 
ground and the bedding. For eollc'cting sterile blood, therefore, this travis offers 
definite advantages. 

I acknowledge wdth profound gratitude the inspiring guidance given and 
constant interest taken by Dr. F. J. \¥arth during the course of this w^ork. 

With great pleasure I also thank Mr. N. G. Das Gupta, B.Sc., Assistant to the 
Physiological Chemist, for his valuable suggestions in. perfecting this travis. 

'BuMMABV.; 

A new travis for drawing blood for ex perl mental purposes from animals in 
, standing posture is described with sketches anti pliotugraphs, 

■ ' ' ■ ■ ■■ ■VC 
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• V PROF/ STOA'BT J/GOWELL, ^ 

Professor of Dideiics^ ' SL Tkomm's HospUd School^ Londm,^ 

[Beprinted' from Nature^ May 4, 10S5,' pp, 7.16418] , ■ , 

The twenty-five years of His Majesty’s reign wiiich are now being celebrated 
correspond remarkably closely with the establishment of a new era in the science 
of nutrition. At the opening of the twentietli century, attention w^as being focused 
on the quantitative relations of the energy exchanges of the body and on the 
metabolism vithin the body of tlie proteins, fats ami carbohydrates of the food. 
The physiologists and chennsts w^orking at these problems were making most 
valuable contributions to the body of ktiowfedge concerning the processes of nutri- 
tion, but such contributions were fur the most part not of stu^h a nature as to 
afford obvious clues either to the origin of or to the treatment of disease, iiio 
second decade of the twentieth cexitury witnessod the rapid dovelopmont of the 
view that the adequate nutrition of an animal depended on tho presence in its food 
of hitherto unsusi>ect.ed elements. Tlie absciicc of siu^h essential elcincfits from a* 
diet was proved to result regularly in tho appearance of predictable signs of 
disease and the fundamentally new idea of deficiency diseases became gradually 
established in current medical teaching. 

Before mentioning any of the effects which this new conception of nutrition 
has had on the problems of the prevention and treatment of disease, It will be useful 
to hark back to the 'pre-Georgian’ era to review the ourrent teaching of the jnedical 
profession regarding the relation of diet to disease. The feet that faulty diets 
are often the direct or indirect cause of disease was of course fully recognised, as 
it had been for many centuries. But there was little precise knowledge available 
to enable definite diseases to bo ascribed to specific dietetic errors. Over-oiitiiig 
was regarded as predisposing to many gastro-intestinal diseases, gout and nuscfl 
blood pressure, and under-eating was considered to render the l>ody more liabk^ to 
invasion by harmful bacteria. The idea of lack of balance between the various 
classes of foodstuffs, for example, relative excess or deficiency of protein, carbohy- 
drate or fat was looked upon as at least an importanf; contributory cause of disease. 
In the case of scurvy, it was already taught that the absence from the diet of some 
principle w^hich w'as present in ftesh foods but not in stale foods contributed largely 
to the production of the disorder. Otherwise the production of disease by faulty 
diet was largely related to the presence of toxins, pathogenic bacteria or living para- 
sites in food which had become accidentally contaiuinated» 
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With regard to the practical dietetic manageiiient of diseases now kiio^n to 
he due to specific dietetic faults, the degree of divergence hetweeii the methods of 
twenty-five years ago and of the present day is distinctly less than would have 
been expected from a consideration of the knowledge availalfie then and now\ 
Specific remedies in medicine have again and again been discovered empirically 
and this is true in the realm of dietetics. The treatment recommended twenty- 
five years ago by at least some enlightened authorities for many of the diseases 
now spoken of as deficiency diseases would prove satisfactory enough to-day, 
although such treatment was based on no actual knowdedge of the dietetm factors 
involved. Scurvy was treated by giving fresh fruit and fresh vegetables, 
rickets and osteomalacia by giving cod liver oil and milk, beriberi by increasing 
the ^ nitrogenous ’ constituents and diminishing the carboh;7drate of tlie diet —some 
individuals were even claiming that it could he prevented by adding rice 
polishings to the diet of highly polislied rice which was usually eaten in districts 
where this disease occurred— ^and finally pellagra was to be treated by cutting 
maize out of the diet/ 

This list of diseases comprises most of those commonly regarded to-day as 
vitamin defieiency diseases, and there are not lacking critics of modern nutri- 
tional research wdio profess to he un-iiupressed by its practical value in clinical 
medicine because many of its obvious applications had been forestalled by 
empirical methods of treatment. Such arguments fail to recognise the frequency 
with which valuablo methods of treatment fidl into disuse or are replaced at 
least temporarily by worthless imitations when little or nothing is kno^m of the 
physiological action of the agents effectiv^e in alleviating the symptoms of 
disease. Thus the value of fresh lemon juice in curing scurvy was known in the 
eighteenth century, but wms forgotten for long periods, and far inferior therapeu- 
tic agents w^ere sanctioned by high authorities as late as the present century. 
Similarly the value of cod liver oil for the cure of rickets had been appreciated for 
many years before the discovery of vitamins, but this did not prevent the 
subsequent recommendation of inert vegetable fats as satisfactory substitutes. 

It is not argued that empirical treatment lias no stable foundation in thcra* 
politics, for clinical medicine still makes use of many old-established thex'apeutic 
measures which have as yet no scientific basis. But it is no less certain that the 
scientific demonstration of a definite cause for a disease offers the best chance for 
the discovery of satisfactory preventive and curative treatment, and when the 
cause is proved to be a comparatively simple deficiency in the diet, there should 
be no excuse wdiatever for allowing such knowledge to sink into oblivion. 

It is now proposed to show iiow' the conception of food deficiencies as a cause 
of disease has developed during the past twenty-five years. The great stimulus 
to the remarkable activity showm in this field of medical investigation during this 
period w^as undoubtedly the discovery of the vitamins, but the success rapidly 
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attained by those engaged in studying the etteets of vitamin defiiaencies eiieour^^^^ 
ed the investigation of the effects of other deficienciesj for exainpie, deftclcucy 
in the mineral components of the diet, with tlie result that in such hekis also many 
observations of the greafeat importance have been made which have already prov- 
ed invahiabie ahluvin clinical ami in veterinary medieine. 

The period of nutritional research which we are surveying had already be(3n 
heralded by isolated suggestions regarding the importance of dietetic factors other 
than jDroteinSj fata, carbohydrates and mmerals salts for the maintenance of liealth. 
Already in 1897, Eijkman had published his experiments on the production of 
beriberi, which led iiltiniately to the discovery of the antineuritic vitamin. Hop- 
kins had stated in 1906 his conviction that scurvy, rickets and probably other 
states of ill-health were caused by unknown dietetic errors the nature of wliich 
was bound up with a defective supply of obscure food components. In 1907, Holst 
and ‘FroKch paved the way for the identification of the antiscorbutic vitainin by 
producing experimental scurvy in guinea pigs, Eut it was not iin til Hopkins 
had demonstrated in 1912, the fundamental importance of aecessoiy factors i!i the 
diet for securing normal nutrition that the idea of specific food deficiencies as a 
cause of disease began to gain any general acceptance. 

It is common knowledge that since Hopkins's original aimouncerueiit th<‘. num- 
ber of accessory food factors or vitamins generally recognised as being concerned 
in animal nutrition has been steadily increasing, though not all of them iiave bi?en 
shown to be concerned in the production of human deficieiuy diseases. By tlu^ 
end of the first decade of King George's reign, overwhelming evidence had Ikhtx 
produced to show that beriberi was produced by deficiency of the water-soluble 
antineuxitic vitamin, Xerophthalmia hj deficiency of a fat-sol liable vitamin, 
rickets by deficiency of the same or a similar vitamin and scurvy by deficiency of 
the water-soluble antiscorbutic vitamin. It is not possible to trace in detail sub- 
sequent investigaticms which have led on one hand to the chemical uidontifi cation 
of many of the vitamins and on the other to some understanding of tlu^ir physiolo- 
gical action. It must suffice to point out how such knowledge has been applied to 
the prevention and treatment of divsease. 

Ill countries such as Great Britain, frank vitamin-deficiency liiseases, v it h thij 
single exception of rickets, are uncommon, but there is inereaBing evi(loiu*e that 
partial deficiencies of vitamins, particularly during the period of growth, arc often 
responsible for sub-optimal physical development, imperfections In the struef.iiro 
of bodily organs and tissues, lowered resistance to certain infective disoasc.s and 
many vague subjective and objective symptoms of ill-liealth. ]‘t is almost certain, 
for example, that mild degrees of skeletal deformity caused by faulty feeding in 
childhood help to raise maternal mortality in childbirth by increasing the mechanical 
difficulties of labour. The low resistance of the teeth of larije sections of our popu- 
lation to decay with its many sequelae of chronic disease and ill-healtli is due in 
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large part to faulty development of tlie teeth during the early 3- ears of life brought 
about by dietetic fauItB, of which vitamin- 1) deficiency is the mo.fi prominent. 
Similar^ it has been shown that, in dogs at least, the tendency to the develop- 
ment of pjairrhoea alveolaris in adult life is largel^^ determined b^^ the supply 
of vitauiin A which was available during the period of growth. These few illus- 
trations must suffice to indicate that the original conception of vitainin-deficieney 
diseases has extended its boundaries to include a variety of diseases attributable to 
past dietary deficiencies, preventible by suitable feeding during the period of 
grovfih. 

Similar results have been achieved during the period under review by the 
stud}^ of specific mineral defieieiic}^ diseases. Prominent among those mineral 
elements deficiency of wiiich in the diet may lead to recognisable symptoms of 
disease are iron, copper, iodine, phosphorus, calcium and uiagnesiiim. Lack of 
Bufficiexit iron in the food has been shown to result frequently in the devekipinent 
of anaBmia. Such nutritional anaemia is particularly coinmon in infants, and is 
accounted for by the fact that milk is a poor source of iron. The recognition of 
this form of anaemia has proved to be of considerable practical importance 
because it ia often associa.ted with an increased susceptibility to many of the 
common complaints of infiiney and can be corrected \vith great ease. The 
enormous amount of work that has lately been carried out on the relation 
between iodine deficiency and the development of goitre has not yet completely 
solved the problem of the causes of thyroid enlargement but it has certainly 
provided very Biiccessful methods of wholesale prophylaxis in 
distrietswhere goitre is endemic. Lastly may be m#ntioned tlie revolution in the 
eattle-reaiing industry of South Africa which has folloAved the discovery of phos- 
phorus deficiencj^ as the immediate or ultimate cause of serious losses in this branch 
of agriculture.. ■ 

There can be no question that already the modern conception of mitrition 
has produced practical results of immense significance in both preventive and cura- 
tive clinical and veterinary medicine. The results are not confined to the pro- 
phylaxis and treatment of diseases w-hich arise as the result of actual deficiencies 
in tlie food supplied. They have already been extended to include the treatment 
of diseases in which defects in the absorption or utilisation of particular food ele- 
ments rather than fiiulty diets are responsible for the development of co-existing 
signs of deficiency diseases. The term ' secondary deficiency diBease * is now being 
used to distinguish this particular class of nutritional disorder. In this grouji 
might well be placed that once fatal malady pernicious anaemia, which the brilliant 
researches of the past decade have showm to be amenable to simple dietetic treat- 
ment, although there is no evidence that dietetic errors play any part in its 
causation. As more and more precise information is gained concerning the 
intimate processes of metabolism within the body, there should' be 
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increasing opportunities of preventing and successfully treating disease by 
adjusting the diet to influence those metabolic processes which may produce the 
symptoms of disease when they deviate from their normal course. This has long 
been one of the aims of clinical medicine ; its ultimate reaU.sation has surely 
beeii brought one stage nearer fulfilment by the nutritional investigations of the 
past twenty-five years. 


VIRUSES AS THE CAUSE OF DISEASE 



' BT . 

De. JOSEPH A. ARKWRIGHT, F.R.S., 

Lister Institute of Pfeim7itive Medidne, London* 

(Beprinted Irom ¥oL 2fo. S41 Sj May 1935,) 

At tli6 end of the nineteenth tjentiiry, a new category of infective agents was 
discovered which are now classed as viruses, in the modem sense of the word. 
The chief property which nnites them, and by which they have been distinguished 
from previously known miinita parasite>s, is the extremely small size of their com- 
ponent particles, since these are smaller than bacteria, and many of them are not 
visible even with the highest powers of the microscope. Until quite recently, 
it was customary to speak of all viruses as invisible, but in some cases the minute 
granules of which the virus appears to consist can be clearly seen, when stained, 
by direct microscopic observation ; but in most cases tliey cannot be distinguished 
by their shape, but only by their uniformity, numbers and their source in special 
parts of the diseased tissues. The recent jnvestiga.tion.s by Barnard with the 
ultra-microscope and photo-micrography by ultra-violet light have added to our 
knowledge of their size and foiin. 

A special feature by wdiich the invasion of the cells of the host by many 
viruses can be recognised is the ocmtrrence of ' coll inclusion IxkIjos Tliese forms 
of which there may be one or inore in a single cell vary in size and may be larger 
than the nucleus. Opinion as to their nature has undergone various vicissitudes. 
After their discovery, when they wore at first hailed as x>rotozoal parasites, they 
were for long regarded as merely reaction products of the cell protoplasm to tlie 
presence of the virus, a position now favoured for the ^ inclusion bodies ’ associated 
wdth virus diseases of plants. Mora recentl^ut has been shown that in some virus 
diseases of animals these * inclusion bodies ’ consist of masses of the minute fil- 
terable forms of ^ elementary bodies ’ held together by a soluble matrix. These 
bodies have been most completely and fruitfully studied in fowl-pox, small-pox, 
vaccinia, ectromelia — a disease of mice— and psittacosis, the infective disease of 
parakeets which also attacks man. 

The list of diseases of man and animals due to filterable viruses is eontinually 
being increased and considerably more than fifty are now known ; their study 
has been intenKsified and especially productive during the last fifteen years. 

The original recognition of the existence and importance of these ag€)nts was 
due to the use of earthenware and porcelain filters wl^ich retained the smallest 
bacteria. When tissue extracts or secretions from an infected animal were passed 
through such filters, the filtrates were shown to bo infective and capable of repro- 
ducing the disease in a fresh animal ; this process could be repeated indefinitely, 
Xmoving that the active agent multiplied in the animal body and was not merely 
a chemical substance of toxin. The virus of foot-and-mouth disease^ the first 
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shown to cause a disease of animais, was discovered in 1808 by Loeffler an Frosch. 
It jiasses through finer filters than any other laiown virus, so tluit no cjueBtion of 
visible particles has arisen, since massed granules or inclusion bv)ciies have not Imm 
observed. The niost essential qualifying cli am of a. virus lias over since 

been its filterability. 

Most viruses remain acliv^^ after being dried over sulphuric acid, nnd some 
are more resistant to alcohol and certain other disinfectants than bacteria. Many 
viruses are present in the tissue juices in high cDncimtratioii, and such suspensions 
in liquids can still prove infective when diluted 1 in 10" or 1 in 10^. TIio resetn- 
biaiice in many respects of a virus to an excessively miiiuto bactorium has hal to 
the belief in their similar nature wdiieh is now held by most patliologists. It 
must be admittecb however, that part of the argument is based on aaialogy, since 
viruses cannot be subjected to the same tests as bacteria to prove that they are 
living agents causing disease. 

Besides the small si7.o of the ultimate^ particles of a virus and the residiitig 
absence of a r<xognisabIe diiferentiuting morphology, tlien^ are certain other pe- 
cailiarities distinguishing tiicso two classes of agtmts. Bacteda, with ftnv cxiH^ptions 
can be propagat{xi on stcriliscxl artificial culture media, and can be obtained in 
pure culture by the nK*th<?d intruduccxl by Koch of selecting singh'. colonies grown 
on a solid sterile medium. By this moaiiH tiuir infeetivo and otluu’ activities can 
be (examined ■without the risk of euntuminatioii with substances dcunvi^l from ibo 
host. A virus, on the other hand, in most cases uapiiros the presence of living 
cells of the host to enable it to muitixily, and it often ap|xxirs to grow only or cliiedy 
inside the ceils of the animal tissues. Artificial culture of a vivm can, however, 
very often be maintained in pieces of animal tissue kept alive and growing apart 
from the body. The virus of fowlqiox, vaccinia or vesicular stomatitis of the 
liorse and of some other diseases can also be propagated in the living embryo in 
an incubated hen’s egg. 

The fact that tissues of a host are needed to enable viruses to multi])ly lias led 
to the suggestion that the virus may not necessarily be alive but may only serve 
as a stimulus to the host cells, causing them to reproduce tlic virus, and that tlie 
particles seen in a suspension containing a virus and indeed the virus itself lire 
really products of the host. 

This Buspicion has been especially strong in tlie case of the infective trausmis^ 
siblo sarcoma of fowls described by Rous, which can bo rcq>rodia!cd by injoding a 
filtered celbfrco extract of the diseased tissues into a normal fowl The n^scunblauce 
of avian sarcoma to other virm diseases extends to the recognition by i.^odiMgluinj 
and (jye, by the use of the high-speed centrifuge, of minute particles rcsemldiog 
those of other viruses. The nature of tlieso particles was, moreover, confirmed 
by their reaction {agglutination Avith the ]>iood soriiin of animals which had been 
injected with the sarcoma), in the same way that similar reactions have been do- 
Ihonstratod vdih the elementary bodies from other virus diseases. 
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The resemWanoo in structure and lieliaviour of the sarcoma of fowls to the 
malignant .Growths <if inanmals ffivcs rise to hesitation before admitting that it is 
r-,med hv'an extrinsic virus, since mammalian malignant tumours have never 
b-en foimd'to yield an infective cell-free extract and have been iisuaily regn-TC^ed 
as due to intriisio tissue changes, though both mammalian and avian sarcoma a 
can he induced by external physical and chemical irritants, such as tar and ceitan 

other BTibstaiices. 

If therefore, an extrinsic was is one of the essential causes of fowl sarcoma 
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liave been mspeetod. Tim ])henoiDe!i(.>3i sngjze.sts tbvi niigiiud pixKliU'tbju of ihe 
phage by an uniiifeeted culture, but it may merely b(^ uiKsiher instauin^ of an a|> 
.,.parentiy normaborganisin’t'cam^^^^ ’ aparasite ; iiiaBy\paraIlelA:‘aBeS;are;k-i^^^ ii ' , 
animalH and plants ' eaiTviag ' infeetivi^ agents whilst- themselves unaire{‘lML 
Do Jong showed that cultures of eertaiii sporing bacdlli whxcb produce a, ]>huge 
may still be ' lysogenic ' after being heated at lOO^TJ* for five* minutes^ %vhercas 
the free phage is killed at 70'’G. for live miuiites. When the spores germinate the 
phage is again liberated. Tins experiment suggests that the pbage is preserved 
by its inclusion in tlie resistant spore, and this evidence of its derivation from the 
germinating spore de 'iiovo is not eoncliisive. 

The chief reason for doubting the living nature of some, phages and certain 
viruses is the Awu'y small size of their hlterablo ])artieles Avhieh makes it very 
doutbfui whether they can have a complex composition restmd^ling that of 
otdier living things. 

Diflerent strains of phage are very unequal in their filterability ; some have 
relatively large pa.rticleH Avith a diameter about luilf lliosc of va(‘(tina , while others 
pass through yoiy fine iilters, like tlio virus of foot-and-mouth disease, for whixdi 
the diameter is cstiinatc?d at about one tenth of the coarser jjliages. 

The uniform and craref uliy graded collodion membranes introdvuH'd by Elford, 
of AAdiicb the average pore diametc^r <^an be ealeulatiMl, cumbles mu(4i (doser estimates 
to be mtule thiin forujerly of the size of parti<di‘H Avlutdi just pass or are just Aviib held* 
Tkwsize of the particles of scane virns(ss has also been ealculatetb (^spi‘<*ially l)y 
Beelihoid, by their rate of deposition Avhen centrifuged at 10,000— “lojKIO rev. 
per min. 



It has been possible to purify virus particles by first filtering and then ecai- 
trifiiging at high speed, washing the deposit and again centrifuging, as lias been 
shown by Ledingham. 



By the new collodion ultra-filters the diameter of tlm partiides of diffenait 
viruses has been estimated to vary from 200 nip to 150 mp for va.i*(*inia to about 
8-10 mp forjoot-aiid-mouth diseUvse (p^-^mukrom-^l thousandth of a miilimetn* ; 
mp--=:oiio thousandth of a mikron). It is difficult to understand how with smdi 
dimouBions they can have a composition of suifident complexity to <*onsisi of liAuhig 
matter. For comparison, tlie smallest bacteria havc^ a diametc‘r <tf i '0---0 r>p 
and the egg-albumen molecule has been estimated at 4 • 34 mp diaimder, 

Doerr, m a recent treatise, while granting that some viruses have been shown 
to be living, denies the possibility of life in those of the smaller dimensions. It 
. so happens that the ^druses of foot-and-mouth disease and loiiping-ill Avhieh are 
among those with the smallest partides, exhibit all the typical essential characters 
of viruses both in vitro and in the animal body, though causing very different dis- 
eases and having very different ' life-histories k 
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The exact and quantitative experiments with filters have been made possible 
bv the hi-h concentration in which certain viruses occur, and by opportniuties 
tor doterminim? the presence of the virus in different dilutions by moeu atxon ot 
susceptible smaU animals. The dil ution of some fluids contammg virus from the 
animal body can he carried to 1 in 10“ or even higher vhen dealing mth foot-and- 
mouth disease, vaccina and some other diseases without depriving them of infec- 

tivity. 

The quandary arising from the very active and apparently vital functions of 
virus particles in ^pite of their small she raises the question whether the accepted 
definitions of life are universally applicable or whether some intermediato state 
hetW'een what is called living and dead matter may not exist, as has been suggestec 
by Boycott. 

Of the functions usually postulated for a living organism, assimilation appimrs 
to be the most characteristic and imlispensable. It is reasimahle to iissumc tlnit 
the metabolism of an organism would be much simphi.ec if it existed in a circulat- 
ing medium which provided a constantly changilig supply of materials r(>eiiil.hng 
its mvn components, such as might be aflorded for an obligatory parasite living 
inside the cells of its host. Such an existence would have very diiierent require- 
ments from a truly independent life. 

Virus diseases are transmitted from one aiiimal t o another by very varied 
means. Some, like canine distemper and i-crtain inlluemca-iike diseascH of man, by 
droplets in the breath, others like yellow and dengue fevers by the bites of iiiscmts, 
others like louping-ill of sheep by the bite.B of blood-sucking treks or of mites; 
aaain the bite of the mammalian host is the usual mode of infection witli rabies, 
but for many others the method of ti’ansmission is stiil niiceiiain. In these res- 
poets they do not differ from diseases due to bacteria. 

It ia characteiistic of many diseases that, although the initial infection is caused 
by a virus, many of the symptoms and complications are due to secondary infec- 
tions with bacteria, and this is notably the case in the influenza -like group in man 
in swino fever, canine distemper and swine influenza. 

A virus may become remarkably adapted and sometimes permanently 
attenuated, when transfeiTod to a new ho.st, as is well histanced in the_ change 
of the virus of small-pox to vaccinia in cattle and rabbits, and of the rubies v irus 

in the rabbit. 

The period of resistance shown by the host following an attack of disease m 

sometimes very prolonged even life-long after small-pox, varicella, yellow fever 
and canine distemper, but in some other oases tho protection afforded is of com- 
paratively short duration, in foot-and-mouth disease usually for one to two years, 
whereas frequently recurring attacks due to the virus of hrpes lalmlis are common. 
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This immunity is to a great extent due to the production in the animal body 
of ‘ antibodies ’ which can be fcamd in the blood serum of recovered animals 
just as occurs after bacterial infeeiion. Tlu^se antibodies enn often be demcais- 
trated by the formation of a precipitate or by the agglutination of the virus parti* 
cles when a suspension of the elementary bodies is mixed with ilio st*rumj or by 
the neutralisation of the virus b^^^ the serum when hoih are liijeeted into an audmaL 
These phenomena are of the same kind as the precipitation oecnrriiig when the blood 
serum of an animal -which has been inoculated wiili a foreign j protein (antigen) 
is mixed -with the same protein in vitro, and are nut peculiar to tnu‘. infeetioo. 

It is not intended here to do more than refer to the enormous and increasing 
number of filterable viruses known to cause infective disease in ])hints and found 
in their juices. These, like mosaic disease, of tobacco, spotted wilt of tomato and 
crinkle and leaf -roll of potato maj’' cause ver 3 ^ serious diseas<\ or in olh(‘r cases 
may be present throughout the plant wiiliuiit producing any visible eflect, as in 
some infections of the potato. 

There is good evidence that two viruses may <?o-<^xist in the same plant, anti 
as a result the symptoms may be either much more or much less severe than wJien 
either vhus is present alone* 

Some vhuses are transmitted by insects such as aphivS or thrips, while others 
pass by unknown means. In some of these diseases of plants pexmliar ' inclusion 
bodies’ are found in certain colls, but their relation to the virus is undetermined. 
It is known that these * bodies ’ as well as some of the symptoms due to a virus 
can in special cases be imitated by the addition of certain inorganic salts to the 
soil, but the disease is not then transmissible. Borne plant viruses are highly 
resistant to drying chemical action and alcohol, and in iruxny ways the viruses of 
plants resemble those of animals. 

The j)roblems which the behaviour and properties of viruses raise ai‘o of great 
practical and theoretical interest, and arc by no means yet solved. 


INHERITANCE AS a' EACTOR IN POULTRY DISEASE^' 

BY 

W. V. LAMBERT, 
loioa Htate College^. Afnes. 

[Reprinted from the Poultry Science May, 1935, VoL XIV, No. 3,] 

(Presented at Annual Meeting, August 7-10, 193€.) 

During the past three decades the poultry iiidiigtry in the United States lias 
imdergoiie tremendous oliaxiges. From the family flock basis, where birds were 
kept principally as a source of meat and eggs, it has gradualiy cliaiiged until today 
poultry keeping in its various aspects is the primary enterprise of tlioiiBaiids of 
farmers. With this change many problems that \vena not of great concern in 
femily flock have developed. Of first rank among these problems is that of flock 
mortality, which instead of being on the vmie seemingly is becoming a more 
serious menace year by year. 

SlGHIFICABGB OF BISEA SB BOSS 

The seriousness of mortality in eommercial flocks has been empli asked in 
economic studies of poultry fiirming in varlouB states. ■; In Kew Jersey; in 1915-16, ^ 
the mortality 7 per cent [App et aL, 1919] ; in Oregon in 1926-28 the average 
inortaHty was 13 per cent [Scudder et ah, 1931] ; 16*9 per cent in New Hainpshhe 
ill 1929-30 [Woodworth and Reed, 1932] ; 21 per cent in Utah 1929-30 [Thomas 
and Clawson, 1931 ] |27 per cent in New York in 1930-31 [Alisner, 1931] ; and 21 per 
cent, in Iowa ill 1933 [Vernon and Whitfield, 19331. In egg-laying contests 
mortality has been equally severe. Stafseth and Weisner [1931] observed 18*98 
per cent mortality among; 10,000 pullets in eight successive years at the Michigan 
contest. Furthermore, they point out that poultry diseases are increasing and 
that the losses during the later years of the contest were greater than in the earlier 
years. In the Vineland egg-laying contest Black [1933] reports mortality rates of 
24*51, 29*75 and 23*36 for the years 1929-30, 1930-31 and 1931-32, respectively. 

The seriousness of such losses to the industry cannot be over-emphasized. Ob- 
viously if tlie poultryman is to succeed he not only must raise good pullets but he 
must Imep them alive. Tippii^ and Card [1934] state that pullet mortality 
and, to a less extent mortality in older hens, is one of the most serious problems 
confronting poiil try men. Furthermore, they say that while good sanitary mea- 
sures have enabled flock omiere to bring mortality in growing ciuT^ks reasonably 
vrell under control, that the problem of reducing or preventing mortality in laying 
stock is still to be solved. They believe that one of tlie most promising methods of 

* Jouruai Taper No. J231 of the Iowa Agr. Exp. Bta., Anr sy, pi‘ojt?ct No. 251, 
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attack is the breeding and selection of resistant strains, tliough they ]>olnt out. that 
progress is likely to be slow until the vital signifu^ance of the problem is generally 
reaiiml. 

Flock 3 nortalit 3 ^ is due, obviously, to diseases of various t\;|)es and any pro- 
gi’amine for disease control must recognke and take into consideration the 
different kinds ol‘ diseases responsible tor this inorhihty. 

Methods of ooNTrion 

Three possible methods of disease prevention and control are available to 
poultiymen. The first, and perhaps the foremost in importance, is proper hygiene 
and sanitation for the flock. A second method is through the use of various 
therapeutic agents and the third method is genetic. The genetic or breeding 
method Is concerned with tlie development of strains free from defects and 
disturbances of function, and, likewise, with the creation of strains having a 
high natural lusistanoiMo parasites ami other infectious agents. 

The genetic method of disease control, therefore, implies two rather clistinet 
categories of disease, namety the npn-infectiouB or those diseases duo to <lorarigo- 
nients of structure or funccioti, and tlie. infectious. It is the purpose of the writer 
to review the present status of oiir knowledge of the genetic aspects of disease and 
this review ■will be presented under the above generui in^adings. Ctu*tain diseaseSj 
such as neurolymphomatosis, the etiology of vbich is still undetermined, will 
be considered separately. 

The non^infeottous biseaseb' 

Non-infectious disturbances involving deviations frotn the normal or desir- 
able type in structure and function have been shown to be hereditary in many 
catses, and it is probable that most diseases of this sort will be shown to have 
some hereditary basis. Examples of such inherited defects in poultry are the 
creeper fowl [Landauer and Dunn, 1930],, congenital loco [Kiiowlton, 1929], con- 
genital i^alsy [.Hutt, 1934], d^varflsm [Mayhew and Upp, 1932], and stickiness 
[Bj^eiiy and JuII, 1932]. Since inaiy^ of these conditions are lethal or else produce 
some other serious detrimental elfeot in the affected individual the}^ arc responsiblo 
for reduction in reproductive efficiency and a corresponding economic loss, lienee 
it is essential for the welfare of the poultry industry to prevent the wide- spread 
dissemination of bucIi genes through the population. TIio eradication of suiij 
diseases is purely a genetic problem, and any intelligent plan for disease control 
in, the poultry industry certainty must oonsider the breeding programiiio if mdi 
defects are to be eliminated. 

While clear-cut genetic evidence is lacking, it is probable that numerous 
w^eaknesses of the reproductive system, which result in much pullet mortality, 
are hereditary. A study of the causes of mortality in any of the egg-laying con- 
tests will show that much mortality is due to such causes as prolapsis of the 
oviduct, rupture of the oviduct, and to other causes in which an infective agent 
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apjiarently is not involved. In tlieir attempt to increase production many poul- 
tryineu have neglected to take into considen-ation the i)ihereiit stamina of theix 
birds, which seemingly is a very vital fector if iugh. egg production is to be main- 
tained over long periods of time with little mortality. Dunnielitf [1914] has 
pjointeci out the importance of this fiictor in his analysis of the Hawkesbury egg- 
laying contest. He says that some strains shov^ much greater susceptibility to 
ovarian weaknesses than do others. In the Hawkesbury contest the competition 
committee adopted the policy of aivarding a si’ieeia,] trophy to the pen laAung 
the most eggs without the replacement of a bird. Some high producing pens went 
through three years without the replacement of a Biiigie bird. As a result of his 
analysis Dumiieliif coneludes that breeding for eon.^tiiution will have to be con- 
sidered much more closely than in the past, and he is hort^iil that close atten- 
tion to the salient points of breeding will result in (nentiiai solution of this 
most difficult problem. 

Kennard [1933] lias demonstrated the importance of selection based upon 
the simple expedient of using liens ns the progenitors of tlie pullets to be retained 
as lavers. By this method he was able to liring about an a|>preeiable decreaBe in 
pullet mortality, and he attributes a part of the^ inc)*ea,se in imllet mortality, 
observed generally by poultrymen to the practice of selecting tlieir breeding stock 
from pullets. As a permanent solution of tlio probkan of pullet mortality, lio 
advocates careful breeding and selectkm, combined witli a typo of manageineui 
that will insure that young birds rcaib maimb-y fre(‘ oF |.n-iriisites aufl uuexposed 
to diseases. 

While it would be rash to assume that most pullet mortality is due to hcredilary 
weaknesses, sufficient cvirlenee has been advanced in man ami other animals 
[Pearl, 1928], as well as in poultry, to ?dioiv tluit longevity and strong (constitution 
arc inborn traits of certain families and strains. It u'oukl seem inevitable, th(?re- 
fore that any iong-timo plan of poultry imjirovernent, if it is to be economically 
guccessful, must consider the elimioation of defects and tlie .selection of strong 
hardy strains as vital parts of ds programme. Oertainly the genetic method 
of cmntrol is a mo.st imyiortant b>r diseases of this sort. 

An infectious disease, in contrast to tlie noii-inlectious, reepureK tJie co- 
operaiion of two agents, the host and the parasite for its expression. That lieri- 
table differences in resistance to such diseases exist lias long been known, but 
until the last ten years most of this evidence n'us statistical in nature, or was 
confined to tiio demonstration of ayieeies and racial differences. In the last 
decade, however, several investigators have shown that lieritable difference in 
resistance to bacterial diseases are common within the species. In poultry, Roberts 
and Card [1926] have demonstrated the effectiveness of soleetive breeding upon 
resistance to pullormn cliseaBe^ and Lambert [1932] has shown similar results fur 
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fowl typlioicl. Five genera, tionB of snoh selective breeciliig decreased tlie niortaliiy 
from fowl typlioid from 85 to 10 per cent. Roberts [1032] has recently n‘ported 
that the resistance of the pullormn stock has been inaiuttihied for secen (*onsi;^- 
cutive generations, the respeeth^e mortalities for the selected tiiid nnseleoiecl 
stocks being 35 and 73 per cent. Furthermore, both Roberts and Card [I02fr] 
and Lambert [1932] have shown that strain ditferencos in resistance to both 
these diseases exist in iinseleeted floeks. 

In other species, also, clear-eiit demonstrations of the role of heredity in 
disease resistance have been showm. Schott [1932] and Webster [1933] were able 
to build up remarkable resistance to typhoid-like infections in mice, Irwin [1920] 
to the Danysz bacUlm in the rat, and Manresa [1932] to infectious abortion in 
rabbits. Other demonstrations of the x>art of heredity in infectious disease have 
been made by Prateur [1924], the Hagedoorns [1920] and by Gowen and Schott 
[1933]. 

That a passive transfer of immunity was not responsible for tlie increased 
resistance in the selected stock has been amply demonstrated by Irwin [1929], 
Lambert and Knox [1932], Schott [1032] and Gowen and Schoth [1933]. Tho 
resistance has been shown to be transmitted by the male as well as by femah^ 
In addition, Lambert [1932] and Roberts and Card [1927] bave pointed out that 
in stocks selected for resistance to fowl typhoid and pulhjnim dlseast*, {*hi<hs 
hatcliing from the eggs of females who remain carrku’s of the pathogenic^ bacterium 
are neither more nor less resistant than chicks produced from the eggs of non- 
carrier females of these stocks. 

The hereditary basis of resistance and susceptibility to infectious diseascvs 
appears, from most of the results so far available, to be complex, probabl^' being 
dependent upon multi|>le factors. TMs, obviously, complicates the problem of 
using the genetic method for producing commercially desirable lines of resistant 
birds. It must be remembered, however, that very little research has been done 
on this problem and that a blanket rejection of a method on tlie basis of difficnlly 
of accomplishment is unjustified. Certainly poultry furnislies the? greatest oppor- 
tunity for using the breeding method of any of oui- domestic animals of gri'at 
economic importance. In poultry, largo progenies arc available and this permits 
of selection of large numbers and of elimination on a largo scale. In adtiil ion, the 
cost of the individual animal is low', a fiictor which ofte-u makes the use. of 
therapeutic agents, as costly vaccines, economically unj ustifiable. 

The whole question of the use of the breeding method in the case of inleet lous 
diseases is one upon which more information is sadly needed. Cole [1932] ha.s 
pointed out that the ease with wMch preventive and therapeutic measures can 
be applied has led to a neglect of any natural resistance present in our fio(*ks, 
a method of control which would be more satisfactory if naturally resistant stocks 
can be developed. 


INlD-rPtlTAKCE AS A FAOTOH IN 1‘OULTIiY DISEASE 
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As pointed out hy Cole, if it proves impracticable to develop Iiigh. resistance 
in commercial llocjks by selection, tlio same general result iiiiglit be attained by 
developing sxiecial resistant flocks in whicli most of the genes had been made 
liomozj'goiis by selection and inbreeding. Sncli flocks could furnish sires to com- 
mercial poiiltrymen to be used for to])-erossing on them stock. Such a pro- 
gramme should raise the general level of resistance in flocks. As the general 
level of resistance rose the need for treatment and othcn* jiroteetive measures 
would be corresjiondingly lessened. 

The present commercial set-up in poiiltiy with the wide distribution of cliieks 
through hatcheries sliould furnish ample opportunity for the development of such 
a programme. Of course, an}^ attempt to develop diseas(‘ -resistant linos should 
first be made for those disease»s whicli cannot easily ho lirought under control 
by other means, or in which the- seriousness of tlie disease would justifj^ large 
ehbrts on all methods of control. 

■ Diseases of .unoebtain etiology 

Ncuroiymphoraatosis, tlie etiology of which is still undetermined, is un- 
doubtedly tlio disease of greatest economic importance in xioultry, in which no 
preventive or curative thorapeutio treatment has been ibund. It would seem 
from the studies of Biely and his eo-workers [i9S2, 11)311] that the breeding 
method may be the most im])ortaat means for eontrolling this disease. They have 
demoiistra.ted that the differences in incideneo of paralysis in different groups and 
families of chickens are highly .significant, and in tlic^ later report they suggest 
that the difference between resistance and suscoptiliility is jicssibly controlled 
by one pair of genes. While such a (‘onolusion is somewhaf' hazardous in view 
of the difficulty of re|)roducing the disease, the results certainly xioint to the desir- 
ability for further research. 

The results of Ivennard [1933] also suggest the probability of inherent 
differences in resistance, and of the imxiortance of selection against paralysis in a 
flock. That strain differences in resistance occur is also recognized by pathologists 
who have given much attention to tiiis disease [see Patterson et rd, 1932]. 

Discusbioh 

The examxiles cited in the clearl^r empliasize the potential 

impo:i;*tanee of the hereditary factor in disease. While little of practical im- 
portance in the w^ay of disease control has been aceomjiliBhcd by use of the 
genetic method, it need only be pointed out that little attempt lias been made to 
use this method in a systematic way. Purtiier ex^ierimentation is greatly needed, 
and it is unfortunate indeed that our laboratories of jnoultry research have so 
generally overlooked tliis problem. The incomplete success of j)revSent methods 
of disease control and the importance of the breeding method, at least for some 
types of disease, certainly justify its inclusion in the research programme of many 
institutions. What is badly needed is a concerted research jirogramme which has 
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as its aim the collecting of information and statistics on all phases of disease, and 
in which all possible methods of disease control arc given due consideration. Such 
a programme obviously, is too large for any one institution, but is it too much 
to hope that a co-ordinated programme can bo evolved in which the workers of 
many institutions will co-operate in the solution of the problems presented by 
disease ? Certainly it would seem the industry is sadly in need of such a pro- 
gramme. 

Some possible steps that miglit be included in such a research programme 
to throw further liglit on the use of the genetic method in disease control are as 
follows : 

A determination of the value of breeding only from liens, namely second year 
and older birds, upon the basis of their pullet performance. Such hens not only 
should have survived the pullet year vath a good production record and a clean 
bill of health, but they should come only from those families having the best 
records in these respects. A breeding programme based upon this policy should 
produce hardier and more disease-resistant progeny. 

The careful coUection of disease statistics upon many strains of birds. Meagre 
studies indicate that marked ditrerencos in resistance to disease as well as in 
general stamina are strain eharaeteristies. At present our information on this 
question is woefully inadequate. 

Once desirable Htrains of biids are isolated, to test tlicse strains in intercrosses, 
with the aim of combining the desirable traits of both strains in a new strain or 
strains. Sufficient evidence is available to indicate that some crosses will jirodiice 
first-generation hybrids of liigh merit, both in production and in general stamina. 

The development of inbred lines from the more desirable strains which can 
be used to furnish sires for topcrossing and as foundation stock for intercrosses. 
Such inbreds obviously should be free from undesirable defects and other physiolo- 
gical weaknesses. From the top crosses and intercrosses continual elfort should 
be made to develop better inbreds. 

A revamping of the objectives of our laying contests and K, 0. P. programmes 
with more emphasis on determining the inherent stamina of various strains, as -well 
as high, production and other desirable characteristics. Properly conducted 
laying contests should furnish a source of invaluable information on all pliasi^s of 
disease, and upon the inherent potentialities of many strains of birds. The number 
of such properly conducted tests should be increased. 

Many of these suggestions, obviously, are suitable only for long-time pro- 
grammes. However, the menace of disease to the success of the poultry industry, 
and the apparent increase in the incidence of disease, in spite of sanitation and 
the use of therapeutic measures, would indicate the need for the adoption of a 
long-range programme, inclusive in its scope and vigorous in its prosecution. 
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THE RELATIOl OF ¥ITAMIH«D TO CALCIUM AID 
PHOSPHORUS RETENTIOl II CATTLE AS 
SHOW! BY BALAICE TRIALS 

BY ■ 

. G. CARROLL WALLIS, L. S. PALMER and T. W. GULLICKSON,i 

Divisiom of Dairy Hiiabmidary and Agriculinml Biodiemistry, University of 

Minnesota, St, PaidyMimmsota, 

[Reprinted from the Joitmal of Dairy Science, Vol. XVIII, No. 4, xlpril, 1935.] 

The fact that a calf has a definite vitamiivD requirement and suffers from a 
deficiency of this factor in its ration has been, demonstrated by the published work 
of Rupel, Bohstedt and Hart (1), Bechdel, Laiidsburg and Hill (2), Huffmai). (3), 
and by unpublished work of Gullickson (4) in which experimental '"rickets” 
deyeloped when vitamin-I) was wdthheld and disappeared •when this facdor was 
added to the ration. Rupel, Bohstedt and Hart (1), and Bechdel, Land>sbin’g 
and Hill (2) have reported an increased ash percentage in certain representative 
bones, and an iinprovemeiit in the concentration of caleinni and inorganic phos- 
phorus in the blood plasma following vitamin-D therapy of animals suftering from 
experimental '■'rickets,” w^hich gives indirect evidence of a benefieia] effect of vita- 
miivB on the calcium an^^ phosphorus retention, but studies to directly measure 
*this relationship have not been made. 

■ i EXBEIU:MBKTirL ■ 

Ten-day mineral balance trials -were eiuploycai foiy directly rneusimirig the 
calcium and phosphoriis ladamti The Jiiineral of iiornial calves was 

obtained first to be uscxl f(jr comparative purposes. Young, growing calves wyto 
then placed on basal expeiimentaj rations relatively low in ealeiuni and. plios- 
phorus content, and deficient in vitamia-B. Praiiitvh ivas used as roughage 
for one group, and beet pul]) for the otlier. The concanitrateB included corn, corn 
gluten meal, oats, corn starch, and a little wdieat bran. For some animals the 
basal rations wore supplemented witli calcium, as calcium earbonate, and/or 
phosphorus, as monobasic sodium phos]>liate, and /or vitamiii-D, as viosterol (250 
D), or sunshine. Balance trials w^ero run periodically to follow' any. changes and to 
note the effect of the various expeiimentai schedules on tlie ealeium and phos- 
jfiiorus retc^ntion of the calves. On all calves that develcrped a vitamind) de- 
ficiency as indicatt'd by a rachitic syndroino and a sub)'i.ormal concentratiou. of 
calcium and inorganic phosplionis in the blood ]>lasnia, ]>artieular attention was 
paid to obtain a balance trial while the calf was still (mating well, but after the 
deficiency was w'ell estjiblishod. Vitaaniri-I) was tlien added to tlie ration, and 
after the lapse of a reasonable length of time, another trial wars run. 

Received for pitblication October 3, 1934. 

1 The data presented are taken fj’om the thesis by G. Carroll Wallis in partial ful- 
filment of the requirements for the degree of PIuD., University of Minnesota, 1934. 
The problem was suggested by the late Dr. C, H. Eekles who acted as advisor <I iiriiig tlio 
first part of the work. Published with the approval of the Director as Paper 1308. 
JouLiiiai Series, Minnesota Agricultural Experiment Station. 
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Except when the experimental schedule required exposure to Bunshine the 
animals were kept indoors in box stalls. A largo indoor pen wa.s available for 
additional exercise. Eeeding was done individually and an accurate record kept 
of actual consumption. All feeds were analyzed for nutrient and caleimn and 
phosphorus content before they were included in tiie ration. W eights an<l measure'^ 
ments of height at withers were taken periodically and the rations adjusted at 
30-day intervals to furnish somewhat more than the nutrient requirements for 
growth given by the Minnesota Standard published by Eckles and GiiOickson (5). 
The total calcium and inorganic phosphorus content of the blood plasma were 
determined from successive 3-day composite samples at least once every thirty 
■days. .■.■■■■ 

Standard methods were followed in conducting the balance trials. In order 
to accommodate steers in the metabolism stall special equipment wns dc^signed,^ 
as shown in Plate VI. A heavy rubber funnel was made from a large automobile 
inner tube. The top was clamped between two tape-covered metal rings which 
were then bolted together and bent somewhat to conform to the contour of the 
animaFs body. The funnel opening was held in place over the opening of the 
animars sheath by straps around the body. A small-borCj heavy- walled rubber 
tubing connected to a stopcock cemented into the lower end of the funnel, served 
to conduct the urine to the collecting pan. The calcium and phosphorus analyses 
of the excreta and feedstuffs were carried out by the methods of MorriB, N<dson, 
and Palmer (6), 

Vitamin-D assays using rats were made on the two lots of prairie hay and 
the beet pulp used in the calf -feeding work. The method followed was that given 
in U. S. P. X Interim revi*sion for the assay of cod liver oil for vitamin-D, 

OBvSERVATTONS 

The cahkm and phosphorus retention of normal calves . — Three Holstein calves, 
E- ISO, E- 183 and 436 and one Jersy calf, E-181 were used in this work. 
The ration included prairie hay and a concentrate mixture composed of the common 
grains and grain by-products. The calves had been exposed to sunshine <liiring 
the summer and otherwise cared for in the customary manner. T]it?y appearc^d 
normal and showed a normal concentration of calcium and inorganic phosphorus 
in the blood plasma. During the balance trials the animals were exposed, to 
sunshine on favourable days. As shown in Table 1, those calves, seven to nine 
months of age, retained an average of 447 grms. of calcium and 2 ‘01 grms, of 
phosphorus daily. 

j ® Credit is due to Mr. M, E. Mattison, Curator of the Biochemistry Division for 
assisting in designing and making this device. 
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Experirnmis using hay as roughage . — As soon as the lialance trials under normal 
conditions had been completed j those calves and E-182, a grade Holstein, were 
started on their respective experimental schedules. All the animals were given 
an allowance of prairie hay which represented about the amount they w'’Ou!d 
consume ad libitum. E-180, B-181 and E-182 ran parallel on a basal ration ad- 
justed to furnish SOgrms. of calcium and 15 grins, of phosphorus daily per 1,000 
pounds of live weight. E-180 was kept indoors, E-lSl was allowed sunshine 
exposure on favourable days, E-182 Avas kept indoors but given a vitamin-D 
supplement of 2 cc. of viosterol (250 D) daily. E-188 and 436 were xiaired on a 
similar basal ration but with the p]ios|)horus intake increased to 30 grnis. daily 
per 1,000 pounds of live weight. E-1S3 ivas kept indoors while 436 received sim- 
shino exposure. 

After about three months on the experimental programme, a series of balance 
trials were run to note any possible effect of the various procedures oh the reten- 
tion of calcium and phosphorus although none of the animals were showing mani- 
festations of a vitamin-D deficiency. The results of tliese trials given in Table 
II show essentially normal retentions of oalciam and pliospkorus for all the calves. 
The viosterol supplement of E-182 had not increased her mineral retention above 
that of E-180, neither liad the sunshine exposure of 436 made possible larger 
retentions for this animal than for E-183 likewise the increased phosphorus in- 
take of E-183 and 436 had not brought about an increased retention of this element 
as compared with that of E-ISO and E-182. As all of these animals (iontinued 
through the winter in essentially normal condition no further balance trials were 
conducted on this grou|). 
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The results obtained with E-169 and E-170, grade Holstein females, arc 
also given in Table IT These animals were uvaiiabie from another experiment 
in which they had developed a rachitic syndrome on a. lo’w-ealeinm-low-phos- 
phoruB ration under indoor conditions. E-109 had been growing vigorously 
throughout the summer after receiving a viostorol supplement w-itb no further 
change in her experimental seliedule. E-170 had shown slow but persistent im- 
provement after the addition of CaCOa to her ration. Both {iiiimals were receiving 
prairie hay. The results from the first balance tria-1 with each animal indicate 
that the viosterol was enabling E-169 to retain adequate amounts of calcium 
and phosphorus from her limited intake, and that E-170 was retaining adc^qnate 
amounts by virtue of the increased calcium intake wdthout additional vitainin-P. 
The viosterol was now removed from the ration of E-169 and .‘iddod to that of 
E-170 at the rate of 5 cc. daily. After seventeen days, balance trials U'Cre again 
run. E-169 was still retaining approximately the same amount of calfdiim and 
phosphorus. The added viosterol had not improved the .mineral rcttmiiori of 
E-170, in fact, it was somewhat less but still within the limits of variations re- 
ported for normal animals. 

The results of the balance trials run on this group of calves receiving hay 
as roughage are essentially normal in all eases. None of the calves showed the 
characteristic symptoms of a vitamin- 1) deficiency. As E-180 and E-1H3 were 
on the basal schedule without additional vitamin-I) for six to seven months it 
would seem that a reasonable length of time had elapsed in which to deplete the 
possible vitamin-D stores of a young calf at weaning time, hence it seemed mote 
likely that all the animals were getting this factor from some other source. In 
view of the fact that several investigators have found a varying, yet appreciable, 
amount of vitamin-D in different kinds of hay, it seemed that the prairie hay 
was the most likely source of an appreciable amount of this factor in the experi- 
mental schedule of the control calves on the basal ration. To check this point 
with approved methods, the prairie hays and beet pulp used as roughage were 
subjected to vitamimB assays by use of laboratory animals. Both lots of prairie 
hay were found to carry appreciable amounts of vitaniin-B whhdi affords a. logical 
explanation for the essentially^ normal condition and normal mineral retentions 
of the calves on the basal ration and the lack of any appreciable diffhreiices in 
the retentions of those getting varying amounts of vitainin-I) supplements from 
different sources. 


I 





The vitamin-B assays with laboratory animals wore designed to ho qualitative 
rather than quantitative. Preliminary tests indicated that rats would readily 
consume the test diets containing 45 per cent of powdered prairie hay and 25 
per cent of beet pulp which corresponded to the levels of these materials in the 
calf rations. The calcium/phospliorus ratio of the rachitogonic diet w^as elianged 
hut slightly when the test materials were added, the tendency being for a wider 
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The results of the line test assays carried out according to the requirements 
of the U. S. P. X Interim revision of the assay of cod liver oil for vitamin- D are 
shown in Table III. 


Table III 


The TcsiiU of Viimmn-D assays by laborai.orymvinmls, sJiowmg the food inf ale and the 
degree qf heeding for tJieimAiom 


* The line tejits were asHigncd values ol O, -I-, -I' -f, ete.j tcul Mie luiiiierical value of pluse av^uused to give the 
data ia this coliiiun. 

Ea'perimmts using beet ptdp as roiigJiage,--TliB animals used in this experi- 
ment were E-201, a grade Shorthorn steer about one year old, received from a 
farm in a vitamin-D deficient condition ; E-185, a grade Guernsey female thirteen 
months old ; and a purebred Holstein, eleven months okL 

After being received from the farm, E-201 Avas maintained for about six 
weeks under indoor conditions on a diet similar to that received on the farm. 
This included two pounds of prairie hay daily and a grain inixturo coniposed of 
corn, oats, and corn gluten meal. The calf was then in oxcellaiit experimental 
condition for determining tlie calcium and plios^ihorus rotontion of a growing 
animal suffering from a vitamiii-D deficiency. The defieioncy was ovideneed 
by his rachitic-like condition and the low concentration of calcium and inorganic 
phosphorus in the blood plasma as noted in Table IV, the first balance trial for 
^^-201. After this trial the ration romained the same except for the addition of 
5 cc, of viosteroi (250 D) daily. The response to this treatment wms prompt and 
marked. The blood picture mats normal within three weeks, the stiffness had 
largely disappeared, the animal was more alert and active, and the appetite was 
improving. At the end of four weeks he was placed on a balance trial again to 
^Sjcertain the nature of the calcium and phosphorus retention on the same mineral 
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level but with the animal rapidly approacdimg a normal con cli^^ following the 
vitamin-D therapy. The improvement in calcium retentm^^^^ from l“4t grms. 
to 6*82 grms. daily was nearly live-fold, wdiile the increase in phosphorus reteri' 
tion from 1-10 grms. to 2 -OS grms. daily was slightly less than three fold. 

Shortly after the completion of this second trial observations indicated that 
the animal was apparently normal, whereupon the viosterol was removed from the 
ration, the experimental schedule otherwise being continued as before. There 
was a steady decline in the blood plasma calcium from 10 *15 to 6 * 12 mgm. per 
100 CO. and in inorganic phosphorus from 8* 26 to 5*05 mgm., during the 
next three and one-half months, at which time the other raohitic-like syinpto'n^^^ 
began to appear. These observations indicated that body stores of vitaxnin-D/ 
and/or calcium and phosphorus had been depleted and the aninial was again in a 
vitamin-D deficient condition. At this time a third balance trial was run, followed 
by a fourth about live weeks after the ration had been again Bupplemented with 
5 cc, of viosterol. As noted in Table IV, the increase in calcium and phospliorus 
retention was even more striking than before and serves to indicate the important 
role played by vitamin-D in promoting the mineral retention of vitamin-T) 
deficient calves. 
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It is eonceivablo that the level of min oral intake may infloence the effect 
of vitamin-D on mineral retention. E-185 and E-I94 developed a severe raeliitie- 
like condition on a ration of hoet pulp and grain mixture furnishing a very limited 
ealciiiin intake. A slight temporary improvement in the blood plasma ealeiiiin 
resulted when a CaCO^ supplement was added to bring the intake of E-185 to 40 
gnns. daily and E-194 to 50 grms. daily. By the end of a month it was declining 
again and the physical condition was very poor. E-185 was sho^ving considerable 
anorexia, and E-i94 was also slightly off feed so that the mineral intake indicated 
in the balance trials run at this time is somewhat lower than the prescribed 
amounts previously consumed. The results are shown in Table IV the first 
balance trial for each animal, respectively. The inability of vitamin-I> deficient 
calves to make normal mineral retention on rations supplying an abiindancci of 
calcium and normal phosphorus is indicated by the fact that E-i85 was in negative 
calcium and phosphorus balance while E-194 was slightly better than in equili- 
brium, 

A second balance trial was run on each animal after the ration had boon 
supplemented for some time with viosterob Under the iiifiuence of the added 
%dtaraiii-D both animals now showed very satisfactory positive balaneos of both 
calcium and phosphorus, as may bo noted in the second trial for each animal as 
recorded in Table IV. 



Although the appetites were now good, the nutrient and minora! intake of 
E-IS5 was held down to the same ainoimt tliat slio cousiiined on the previous trial, 
but for unavoidable reasons the mineral intake, especially the calcium, was sooie- 
what larger for E-194 in the second trial than in the first. However, the ealciuBi 
intake of E-104 was liberal, and more than sufficient in both trials so that the 
variation undoubtedly does not introduce any appreciable difficulty in inter- 
preting the results, li’he increase in the calcium intake was approximate^ 100 
grms. for the 10-day period, while the increase in retention was about 102 gnus. 
The tendency is for the pareentage of mineral retention to decrease with, an in- 
crease in the intake, but even by assuining that the retention of the extra 100 
gnus, of calcium in the second trial would have been at the same rate as in the 
first trial there would have been an increase of only about 5*81 gnus, in tlie sec.ond 



trial without the added vitarain-D. The fact that over 100 grms. of extra calcium 
wmro reta-ined in the second trial indicates clearly the Iienoficial effect of the added 
vitamin-D, 


The results secured with E-185 and E-194 substantiated the observations 
already made on E-201 and indicate that a liberal calcium intake will not 
to promote adequate mineral retention in calves suffering from a vitamin-D 



itELATION OF VITAMIN -B TO CALCIUM ANB PlIOSPHOIiUS EETEL^TION IN CATTLE 


The relation of vUatnin-D to aphosphorosis , — Two grade Holstein femaleB, 
E-187 and E- 100 twelve and ten months of age, respectively, were used in an 
attempt to study, the effect of vitamin-D on the mineral retention of calves suder - 
iiig from aphosphorosis. The basal ration furnished liberal ealeiutn but a restricted 
amount of |)hosphorous, and was typical of those upon which aphosphorosis deve- 
lops except that vitaniin-l)-free beet pulp was substituted for the usual bay roughage 
and the calres w^are kept indoors. By the end of two months it began to appear 
that uncomplicated aphosphorosis could he obtained only in the presence of at 
least some vitamin-D. The blood plasma calcium as well as the inorganic phospho- 
rus began to decline and the physical condition more nearly resembled that 
of the rachitic syndrome than simple aphosphorosis. There was no evidence 
of pica. The onset of physical disturbances was rather sudden and severe with 
E- I90 so that she had to be dropped from the experiment. A balance trial wars 
run on E-1S7 although her condition was not that of simple aphosphorosis. The 
results of this trial on the basal ration are shown in Table V, The min<n*al 
retention is about wbat might be expected for a mildly rachitic animal. 


liiH 
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A second trial was rmi about a. week after a supplement of moiioba,sio sodium 
phosphate had. been added to her ration, to study the eifeet of added phosphorus 
on the calcium and phospfiorus retc3ntioii of vitamin-D deficient animals and to 
learn tlie nature of the tnmeral retention of such anioials receiving a liberal in- 
talm of both calcium and phosphorus. The animal became worse rapidly and 
went off feed so badly that a saf isfo^ trial to indicate the effect of 

added phosplioriis was not obtained. The results of the trial are shown in Table V* 
The fact that a severe breakdown seemed to be hastened, would indioato that 
the effecd xmdoubtedl}" was not veTv .hivourable. 

The phosphor us suppleinent w'as now removed from her ration and viosterol 
added. As the animal wa.s nearing recovery a third balance trial was run A^dth. 
tlie ration adjusted to diiplkaxte that of the first trial except for tb.o added viosterol. 
Tlie res idis given in Table V show a eonsiclerable improvement in both the calcium 
and pho>sphoriis retention over that obtained wlien the animal was mildly defieient 
in vitamin-T) iuid thus substantiate the previous oixsorvations as to the hivourable 
effect of yitamin-P, 


Bmvvsmom 

The favourable oiTect of vitamin-D on tlio (‘alcium anil phosphorus retention 
of cfilY(.‘s suiTering 1‘roiu a vitamin-T) defliuency is strikingly shown by the results 
o])f allied with E^201, E-185, and EdOI. Tiie vitainin-T) doOeiency of those 
animals was indicated hy sub-normal eoneontrations of calcium and inorganic 
phosphorus in the blood plasma, stiffness, bending of tho knees, swelling of the 
knee, Iioek anti pastern joints, liuinping of the back, and often sonic inanition. 
As shown in Table VI, the average daily retention of these calves at an age when 
bone mineralization should have been progressing rapidly svtxB only 0-61 grms. 
of cahmim and 0’24 grins, of phosphorus. When Adosterol wa>s added to supply 
vitamin-I), and Avitliout any other appreciable change in the ration, tliora was 
a marked inm^ase in the calcium and p!uiSphoru.s retxaition in every ease, the daily 
average now being 7*40 gnus, of eahuiun and 2*08 grins, of p]iosj»honis. These 
amounts represent csseiitialiy normal retentions. Tho increase brought about 
by tho vitamin-].) administraiion in from thn.^e to seven weeks was approximately 
fourtceinfold for calcium and ekwen-fold for phosphorus. Coincident with tho 
marked improvement in the mineral retention there was a prompt return, of the 
calcium and inorganic phosphorus of the blood plasma to normal concentrations, 
and a corresponding improvement in the pliysieal well-being of the calf. With 
iSuch decided and consistent results there can be no doubt of the important role 
played by vitamin-D in promoting the retention and utilization of calcium and 
phosphorus by calves under these condition??. 
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Iiicronsiiiu: ilic mliKiral c*oiitout of the ratioo of vitaniiu-T) (iofielont (.nilvoH 
hud no yiK'h favourable inhuenee on the minei'al rcteni ion. 1 ueiN*a>ang the </af<*iuni 
intake or kklH5 and E-likt to tif >-> 50 gnns, daify \mhd to pT'Otnoto a ^iequato mine mi 
Kd’-ention, m E-1S5 in lu'gafivc halanee. Although tlie evidtauui for 
tlie eheei of added phosphorus in the ease of E-187 is not as eonelimive, the fatd. 
that adding a hb(T<d atnoiott of pliusphorim to tlie lution of this animal suffering 
frenn a mild viiamin-I) deficiency did not preverit, and may even have hastened, 
a severe hreataiown so that a satisfixetury balance trial could not ha obtained 
would east eonsiderabh‘. dt.mbt on tlm possibility of any boneileial ofTeots of the 
added -phosphorus. 
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Further information on the iniiieral retention of normal growing {aiives is 
also atlbrdi^d. Data for the mineral retention of four iiomuil eah es, seven to t<ni 
months ol* age, have betai given in Talxlo I. As the calves in the e^qyuamental 
grou}) 3‘ceciving prairie hay as ]\>ug’hage eonipleted the ex])erinient in {*ss<*nfially 
normal tiondifioii, and the rations wore Ksiinilar to those convmonly fed in |)nu^ticc, 
it would seem that thc3se results might also ho taxnsidorcd as roprosentafive of 
CBsentially normal retentions. The data for this group I'lave been given in Table. 
II. Wlunthe results of the abovci two grumps are averaged together, the grand 
average of all the balances widi essentially normal calves shows an average daily 
retention of 0*42 gnns* of calcium and 3*22 grms. of phosphorvus. These results 
c'orroborate the work of Lindsey, Archibald, and Nelson (7), who obtahicd nomuil 
rotctxtions of 7*74 grms. of calcium and 3 '52 grms. of phosphorus daily for a high 
daleiuxu group and 4*45 gms, of calciuni and 2 '15 grms, of phosphorus daily for 


relation OB" VlT\ariN-B TO GALCUUM RETByNTION TN CATTLE lOS 

The average iioniial daily ret of 6*42 grms. of calcium and 3*22 grnis. 
of phosphcJiTis obtained in this Avork is alinost exactly in a two to one ratio irres- 
pective of the varying amounts in the iTition fed. Tills closely approximates the 
ratio of these two elements in the liodies of growing and mature cattle. Lindsey, 
Archibald, and Nelson (7) noted the same relationship in their Avork wnth normal 
a.nlmals. It is of interest to note that in tins Acork the slight average daily posi- 
tive balances of 0*51 grms. of calcmin and 0* 24- grins, of phosphorus shown by 
the rachitic calves are also in an apiiroximately two to one ratio. Also, that the 
loss of calcium and phosphorus in the case of E-I85 showed this ratio. Such 
observations indicate an iiitimate interdepeiidenee betAveen the two elements 
and suggest that a deficieiiey in one might be responsible for a lack of retention 
of the other. 

The foot that the calves receiAung prairie hay as roughage continued through- 
oiit the experiment in an apparently normal condition iri’espectlve of wdietliea* or 
not they received any vdtaniin-B Bupplenient, wliereas those on a similar or 
even liinher mineral intake but receiving lieet pulp soon showed symptoms of a 
vitainimD deficiency, indicates that the prairie liay undoubtedly carried an ade- 
quate amount of the antirachitic factor, wlxile the beet pulp contributed very 
little, if txiiy. The vitamin-jJ assays with laboratory animals furnished corro- 
boiAitive and conelnsive evidence on the above points. When the tw’o lots of piTiii’io 
hay Avere fed in rachitic rats detiiiile healing Avas obtained, although it Avas more 
pronounced for one lot than for the other. No signs of liealing Avere cAidenee-d 
Avhoii the beet pulp aa^ab fed. 

The assays formsli a basis for estimating the amount of Aitamin D siippliecl 
the calves by the hay (contained in their rations. .Rough calculations indicate 
that the average hay allcAATinee supplied the eah^es with approximately 135 Steen- 
bock units of Adtamin-D daily, AA'liich served to protect the calves from developing 
the rachitic-like syndrome on the level of Tiiincrai intake furnished by these rations. 
Just hoAV much less may have sufficed to protect the animals cannot he deter- 
mined from these observations. These e.stimation indicate that tlic vitamiii-D 
recput’oinent of tliis species is relatively small as compared with tlie requirement 
of iiifiint.^ as recently rcqmrted by Hess and LcavIs (8), AA^hile the fact that an in- 
creased mineral inkikc and changes i3i the ealeiimLphosphorns ratio failed to 
protect the calves or initiate appreciald^ heiUing saggest^ the possibility that 
calves are less independent of vitamin- 1) than the rat. 

Some suggestions a.s to the amount and length of storage of vitamin-I) by 
calves are also indicated by the results obtained. The viosterol fed to the calves 
as a therapeutic agent supifiied roughly 15,000 Steenboek units daily, which is 
over 100 times the amount furnished by the hay. The exact amount Avhioh would 
have proved sufficient is not known but if the vitamln-D in the viosterol had 
been used efficiently and the excess stored, the animals should have accumulated 
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sufficient for protection for a eompuraiively loivi period of time, Wlien the 
vioi^terol was removed from the ration of E-2i)l after the Kcxiond ]>a-lanc*e trial 
the previous stores of vitamiu-D made dnriiy^ twu and 0 !ie-half morilhs of viosterol 
feeding v-era <iepleted in about three and one-half munlhs, as cvideneeil by his 
pliysical condition and the low eoiieentraiion of calcium and inorganic phosplioms 
in the blood plasma. Tho time interval woultl undunbtediy have been shortened 
had the two pounds of prairie hay allowed jiurt of tlie lime been replaced witli 
beet piffip of the time. These ol)ser\'ations suggest se veral possibilities. For 
instance, the Vitamin- 31) in irradiated ei'gosterol may not be the most effeetivo 
for this species so that the excess available for storage was small, or it may be 
inefficiently absorbed, or if absorbed, it may be re-excreted. It is also possible 
that the calf has only limited ability for storing vitamin-I) at best. The observa- 
tions on these points are very meagre and tlie possibilities mentioned are made 
merely as suggestions. The results do indicate, liosvevcr, that a,- young growing 
calf may make a storage of vitamin-1) umh^r favoura]>le eireumstanceH which 
may be used as a protection against a deficiency of this factor for a- varying length • 

of time under adverse conditions. 

.r-. ...::GoN;CinnsiaNa^^^ . ■' 

Tlie following conclusions may be drawn from tho results of this investiga- 
tion. 

1. The cakdum and phosphorus retention of vitamin-l) deficient calves is 

very markedly improvc^^ by the afiniinistnitiou of vitam The average 

calcium retention may be increased fomdeon-fold and the pihosphorus retention 
eleven-fold by vitamin-I> therapy. 

2, Increasing the mineral content of the ration of vitamin-D deficient calves 
has no favourable influence on the mineral retention. 



3. Based on the limited evidence obtained, the aA^orage daily retention of 
normal calves approximated 6*50 grms. of calcdum and 3*25 grms. of phospliurus. 

4. Judging from the results of this experiment, calcium an<l pluYSphorus are 
retained by normal calves in a.ppr<.>xiinateiy a tw'o to one ratio regardless of A*aria * 
tioiis in the mineral content of the nition. The statement is equally true for tlie 
small average daily retentions made by calves suflering from a vitamin* 1) ilefudency. 
These observations indicate an ultimate inter-rclalionship between thvm tavo 
elements and suggest that a shortage of eitlier one in the ration might, act. m a 
limiting factor in the i*etention of the other. 

9. Prairie hay may carry appreciable amount, s of vitamin- 1). Beet pulp, 
on the other hand, probably posscsscB very little, if any, anti-rachitie potency. 

6. A young growing calf may store vitamin*D under favourable conditions 
to be used protection against a deficiency of this factor for a varying length 
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RELATION OF A^1TAM1N-1:> TO OALCIllM AND PlIOSPHOiaiS RETENTION IN CATTLE Ig? 

7. Uncomplicated a})hosp}iorosLs does not develop wlien all sources of appre- 
ciable amounts of vitainin-I) are eiimiuated from rations otherwise similar to 
tlmse which ordinarily bring about this condition. 

8. Vitaniin-D acts to improve the mineral retention of calves suffering from a 
3 ’aehific-lilce syndrome witlun at least three to seven iveeks after its adininis- 
tratioiL , . : . ■ 
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BALANCED DIETS, NET: ENERGY VALUES AND SPECIEIC 

DYNAMIC EFPECTS^ 


l-I. Ji. MIT.CHRL, 


■Divisimi Anifmd EidrMony'UnwB'siiif, of Illimis. A 


[Reprinted from Sck/iCef Yol, SO, I)-.'eeml.'»er 1 4 -, ] 034 , pp. 558 — 501 .] 

A fact that is not- , infreqiiently lost sight of. in ecmteiiiporary nii tritioiial , ■ 
research ^ is that the utilization of any food iiiitrieiit f or any pnirposo in the animal 
body requires the simultaneous presence of all other nutrients required for that 
purpose. And for the most complete vsustained utilization of any food nutrient, the 
proportions in the diet of it and all other required nutrients must attain or exceed 
eertaiu minimum va-hies. For exanqile, an adult man may require forty gmis, of 
protein daily, altliough, consuming only this, he will not be able to estal>lisli 
nitrogen cquilibrhim . If his energy re(piirejneuts are simultaneously covered, 
he may bo able to oBtabiish nitrogen etpiilibriiim, but t-lua'c is no reason to exjieet 
that he could provont losses of nitrogmi frcun his Irndy iiuielinif eiy unless his daily 
diet contains also at least certain minimum proportions of <,*tieh uutrumt, iiiorgaule 
as well a-B orga.nic, that is required for all the animal functions essential to the 
maintcmaneo of life?. Ho is then receivi.ng -wliat may be called a lialaneed iliet 
for adult maintenance. It is of course well known that diets may be unl)a!aneed 
by including in them excessive j)roportions of some nutrhiuts, sueb as protein or 
vitamin B, but this is a phase of the proljlem about wddeh little definitely can be. 
said. 

For the growing animal w^e have a similar eonception of a balanced diet, and 
in this easfi there is avnilalile nuicli more information eoncerning juitrient require- 
ments, for in the science of nutrition, as in the medical sciences, the adolescent 
animal lias received much more attention than has the adult. 

It is reasonable to assume that the balanced or nnlialanced character of a diet 
for growth will bo reflected In the efficieuey with, w-hich that (ih‘.t promotes growth. 
The completely balanced <'liet will promote growth the luost effiehuitly, in the sensi^. 
that, when compared with any less completely ])alanced diet in pri)perJy controlled 
feeding experiments, a greater rate of growth w ill be sianrcd on the scnie amount 
of food. TJiivsis the principle underlying the Armsb}" paired feeding method, 
the most precise method that has yet been propiused for eliecting ration compari- 
sons. In this method, aiumalsare paired on the basis of sex, parontage, weight and 


^For example, vitamin tunts are comuionly defiiii%d as maoimts that will prochiee 
■ or ; well.; defined' pJiyBioIbgfcal effyets’. 'Tn these: delixntiohS' ride ref bronco z 

is made to the simultaneous necessity of other nidritivo factors, and in the metliods 
iTsed for vitamin assay no provision is made to assiu'O adequate, or even coiistant. 


a, IV other measurement (such as blood hemoglobin) that may be pertinent to the 
problem at hand, and the. pair mates are then fed the same amount of the wo 
rations to be compared, one to one animal and one to the other. Lnder thmo 
conditions the better balanced of the two rations will promote the more rapid 
.mowth, or in other ways induce a better nutritive condition, for ^ 

reference to the blood or the bones ; and conversely every improvement in a t • 
with resnect to its power to promote growth and nutritive condition is pnmaf<mc 
evidence of a betterment in its balance. The reality oi this conclusion setnis 
obvious, and no precise definition of balance in diet on n.ny other basis has been 
m’oposed in so far as the writer is aware. In fact, a search oi emrrent wri mgs an 
tcvlhooks has failed to reveal that the conception of nutritive balance in diets oi 
much mWve thought. On tho ovUlonW »do, the o 
f li ,u i, , .nnorted bv tho insults ol numerous iwiietWo.Hliug esperimonts, ivlaoh 

balanced diets with respect to protein, v.itamms, sugais oind moigi .,0 ... 

Of the balanced ration, it mav be said that the more of it is consumed, the 

up to tho „„ tho , ,00101 

— ris: 

although ill all other respects tho animals .nt, deficient in Vitamin D 

placed upon a diet high in ealcnuu, ow ui p ^ disease is the greater,' 

Ll .boolop liokots. ,.„,Ulio into, dov. 

the greater the daily consumption of tin i a hit r,. .mtein deficient diet will 

significance is the fimt that young pigs P'*-:; fat. re- 

grow slowly, hut with iue.re,asng m u u ..i u ^ probably further illustrations 

piosonting n nd«litoot„l or uuoooidmnto, f m sul ofanoos. oxoit hsmifol 

of tho hypotlmsh lh«t ““t; " 

(.effects in proportion to the anioun ■ a • j nnite general failiiro 

.„bj.,«'to^y.to.uu.io 

of animals to consume unbalanced i.itiou.s .as _ } ' 

staudablo if the former may bo considered phjMok,, 1. J -mdiet 

Some of the implications of the above 

are interesting and of importance to it si i i , ^ energy contained in a 

restricted to tho qiiCBtion of the ^ ^ 

diet, representing a mitritive summation of all h . 
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There isn ciu:r(uit io aidnuil iiui-ritiou a inethofl of ass'/ssiout the v^due trf 

raiioiLs that is Ear in advaiiee of any nietluKl iisecl in hnnian nnfrition. Aeeording 
to this method, iiitrodueed by Ariosby some thirty years a.go, tfie firiaj value of a. 
ration as .a^ source of 'energy in- metahdfeM':',is;:obtaiaed by.dedoetingvf roiii its grosS:,' 
energy (heat of combustiou) all the losses of enesrgy iiieititmt to its utilization, 

■ The : ,metabc)li!iiiai>le', energy, is^ the ' gross' energy- minus; ind'igestible ■ energy (gross' 
energy of faeces and intestinfil gases) and iinoxidized energy (gross energy of urine). 
The final , or net energy value is eciiia.l to the metabolizable energy minus thc^ increase 
in tlie heat productioh incident to the consumi>tion and utilization oi the ration. 
This latter ineremont consists largely (in farm animals) or entirely (in humans) of 
tile specific dynamic effect '' of food. The net energy of a unit wedght of a ration, 
expressed as a percentage of the contained raetabolizabie energy , measures the net 
availability of the latter. 


With these definitions in inindj the first implication of tlie abovi^ defined 
conception of nutritive balance in a ration or diet is that, exc*ej t for differences In 
digestibility, the net energy value of all perfectly balanc<*d rations is the .same under 
the same conditions of feeding, or, somewhat more pretusely, tlic net a\niilability 
of the metabolizable energy of a-11 ]>erfeetly bala.nced rations is maximal for my 
imposed conditions of feeding. When the net energy (xmet'pliun was devtdopi'd 
by Armsby, it was his idea that each food material had its own fixed .characitc^ristic 
not energy value and ihat tlie net eutagy vahie of a ration was t lie waughted mean 
of the net energy values of the tHuisi itmuit foods. All ids invesiigatioi^s at iVnu- 
sylvania 8iate (College were baw'd ii]>ou tliis simple hy| othesis, width was not 
inconsistent with any of the theories of entrgy utilization firevak^nt at that time. 
Forlics and Ids associates liavo been iinpeiled to depart from this hypothesis of 
Annsby, first, because of experimental evidence to the effect that the net energy 
value of a ration or feed is not constant, but depends upon the conditions of feed- 
ing and second, because other evidence indicated that the net energy \ ahie of a- 
ration bore no siin]jle relation to the net energy value of the eostitnent foods. 
However, E’orbos^ recently a-nuoiincod 'daw of maximum norma] mitritivt^ vahie,' 
although it advocates tlu‘ use of completely balanced rations in determinations of 
net energy values, doi‘S nut state nor imply tluxt the jui- iivailahilily of tlu^ metn.- 
bolizablo energy of such rations will be maximal and identieal. I n fm-t, the slate- 
mont that an individual foodstuff exproxses its mirmal and nujst cJmraelerLst ie 
nutritive value only as it is a. part of n, ration wldeh is quaiilatively com- 

plete and quantitatively sufficient . . seems oppostal to this dedmtion, which, if 
true, would lead one to suppose that the most characteristic nutritive value of a food 
would bo observed only when it is fed alone. When I'roperly balancaal w^ith other 
foods, its distinctive nutritive properties would be entirely submerged in a resultant 
dptima^l combination that would be no better nor worse tlian that of many other 
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niixfcuros of foods. The recent developments in the net energy conception, 
initiated and defended by the Pennsylvania group ha.ve tended to complicate tlw 
problem of net energy determinations and perhaps even to chsconrage those who 
h ive hoped to put the conception to practical use in the rationing o farm animals. 

But if all perfeidly balancedrations exhibit the samenet energy value (except for 

^Iffeiencel in digestibility) under the same conditions of feeding, then the problem 
^!^..tlysimplifodand4e.planofit.ssohd^^^^ ; fmthermore. tm proba- 

billty thlt the solution ivill be sufficiently simple to possess great practical value 

is enhanced. ^ ^ ^ ^ ^ 3 j- 4 . 

A second important implication from the conception of a balanced diet 
.lovct, rLve i* ttat the speeifio dynami. affects of the nuWs at. 

olthtraetotistie valnes ottcept a-hen the, ate fed to aiamals aogly. When the 
li™“s ie M in comhhnttiom, tho speoifle dymndc effects of Uto tnrfutos * 
e fc“t nn tlic woishteel .neon of the individual effects, and this decrease «il 
ht iotob than a perfectlv balanced combination for the 

continue a. the conthmattons heaL Effect n-iU be ntlutoal. In this 

effect, which possesses an extremely limited sigiuticanee. 

This is a deekledlv heretical deduction. It is. however, a direct ^ 

'^i- i«mlication since if the iK't availabilities of tho metabolizable energy 
K; »“«- ate .navinaland identical, then then .peedte 

dynamic effects must be minimal and identical . 

,41 • rlcfinite hoatinv elteets to proteins, sugars, starches, 

Cnrrent thooncs attach dehratc ® ^ ^ teach that com- 

fats, and even the v,nprccial)ly their characteristic effects 

hluation of theee nutrients to. n^t n.»l« “IIF;- i, .he 

"•‘“‘“YmiSn Pisht vents auo Ctinan and tho authors ,,.„„nd that the 
seicnco of imtiition. I ngtit, 3 ^ ^ predominantly made up 

mere inclusion of 1 pei cent o a ^ paired- 

of com increased its grawth-promotmg ^ il,,ting its digesti- 

iceding experiments with ‘J" J ’ could not have been the result of a 

bility. Assuming reasonably ■ .mimciihir activity of tho experimental 

depression of tho basal metabolism 01 o m - ' _ ^ energy value 
animals, it must havo Imen an expression o • ^Ivnamio effect. As we said at 

of tho ration and as groat a depression m 1 s . j . ^ atrikin" illustration of the 

tho time : »The growth data of this greatly impaired 

fact that the utilization offood energy ly g o ftmtors”. None of the 

by an improper balance amo^ “prifirdlnmic effect of food would seemingly 
current theories of the cause of the specific dynamic emcr o 

account for this phenomenon. — 
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Protein ingested alone by aiiiuKils cuiuses a marked specifie <lynaniie effect, 
BRieh greater tlian any other imtrient, bnt/ when imrorporated into a protein-free 
diet, otlxorwise eompleto, It must <l<M:*reaHo tlio speeifie dyixamie effect of such a 
diet rather than inereaso it, bianinse the. eoinbiruition will be more efficient in 
maintaining the energy balance of mi adnli animal or in increasing the energy 
balance of a growing anijnaL Weiss and R apport ^ were greatly mystified when they 
found that ealorigenic amino-'aeids, administered to dogs along wdth proteins, 
failed to increase the ealorigenic^ action of the latter. But equally mystifying 
from the standpoint of the current theories of the specific dynamic elfeets of food 
is the action of amino-acids in improving greatly tlie efEcioucy for growth of rations 
containing protein coiiiplexes deficient in those amino-acids In all probability 
this inttrease in efficiency means a decrease in the specific dynamic effect, assuming 
again that the basal metabolic rate and the activity of the experimental aniniak 
was not depressed by the amino-acid snpplerncnts. 

Apparently the Bpeeific dynamic effects of isolatial untrientB fod an such have 
xory little if anything to do wdth the spocific dynamic offeets of mixtures of 
nutrients, partienlarly balancc^d mixtures. Without being able to Sfx^eify the 
exact causes of the metabolic stimnlution indiieed by the consumption of food, 
wo may novertholess conclude rcasonabl}^ that its intensity is depcUKlent 
primarily upon the decree of accumulation of the embproilucts of digestion within 
the tissues, which is in turn dojiendent for any given iutalio of food upon tlu^ rate 
of utilisation of these products by the tissues. Their rate of utilfeation will be 
determined by tlie proportions existing among thorn, such that the better the 
balance with reference to tho requirements of the animal the more rapid the rate of 
utilization and withdrawal from tho cellular fluids. The metabolic Btimulafcion 
thus occurs only wbeii there is an excess of nutritive mateital in the tissue^s, and is 
to a considerable extent proportional to this excess. Tt is possibly a mechanism 
operating merely for the reniov'al of excess food material from tlie body cells in tlie 
interests of physiological cfiHciency. 

These s|)ecu]ations arc iioiv being investigated experimentally^ in the Division 
of Animal Nutrition of tho University of Illinois. 

ifdarvi??bl> O/ienn, 60 '5 

« H. H. Mitchell and D, Xb Hmut.s, Jour. BhL Oheni,, 9§ : 10^12. 



BALANCED DIETS, NET ENERGY VALUES AND SPECTPIO 

DYNAMIC EFFECTS 


InsUtnie of Afiimcd Nutrlikm, Pennsyhxwia Slufe Collega, U. S. A 
[Repriiitetl from Science, VoL 81, No, 2099, March 22, 1935, pp, 


In a reoent number of semice^, H. H. MitoheJ] presonte a theoretical dis- 
cuhislon of the siihjoct of this communication, involving certain of the writer’s^ 
published conclusions. 

After deveJojiing a line of argument similar to and in harmony with that of 
the writer in the publication of the so 'designated law of maximum, normal nut- 
ritive value ’h Mitchell discusses the significances of this principle in relation to 
net energy values, saying, in part ; 

With these definitions in mind, the first implication of the above defined conception 
of mitritx%^e balance in a ration or diet is that exet^pt for differences in digestibility the 
net energy of all perfectly balanced rations is tho sain^ under the same conditions of 
fijoding, or somewhat more precisely, the not a\’nilability of the inetabolizabio energy 
of nil perfectly balanced i-ations is maximal for any ixiiposed eonditions of feeding. 

^ Further he/says : 

However, Forbes’ ioeently annoimced ‘‘ law of maxixnum normal mitritivo value ”, 
although it advocates the use of completely balanced rations in deternii nations of net 
energy values, does not state nor imply tliat the net availability of the metabo!i 2 jabla 
energy of such rations will be xnaximal and identical. 

It is true that, in my “ law of maximum, normal nutritive value ” I avoided 
making any statement or implication fx) the effect that the net availability of the 
metabolizable energy of completely balanced rations is maxiinal and identical 
(though w^e had discussed the idea), becas\ie I <‘annot conceive of balanced rations 
— as practicable entities — being so perfectly ]>alanced that there would, be no 
individnality of dynamic effect of the nutrients serving the same purposes in 
different rations, and t-hat there would l>e no ditferences in either the excess nutri- 
ents, or in BuVxstancoB present without nutritive vahio, which would affect the 
economy of utilization of metabolizable energy. 

One must remember, in theorising, that in feeding practice we deal not with 
pure nutrients, of known identity and character, but — ^in each feeding stuff — with 
a vast complication of little-known snl>staiiceH. 


1 Science, 80 : 558~-561 
8 Scmice, : 300—307. 



AisOj jt is orih^ fair to call attc^Dtion to IVIiioheirs to tlu‘ that 

my hiW of maximum, norma* imtritive vaiia^ ‘‘ atlvoaates tbuiLsr^ of eomplotoly 
. i>ala.o.€6d mtioiiH in the dateiiiiimfioif of net > ' In.piiblislimg/thls' 

ptiueiple I did not mention eoi!i.plelely balaiieed raticais but did ilso the 
oxpres^?iorl a ration which b (pialitativifiy complete and i|uafititati\ady j^nffieicnt 
— wliieii has a distinctly different Biemiing in tliat the idea of a eomplett^ di(‘t 
pr( 5 vi<,k>s only for tlie presence of nil required nutrients, in the nec^essary ipiaittilies, 
while the perfectly balanced ration literal ly— must not only bo complete, ])ut 
must not contain an exe(^ss of any niitrieiit. It is true, limvovcrj tliat, at an 
earlier dale, I ha<i — less cfurefully — used the exprt\ssioii eompleit^]}" balanced 
rations in a similar discussion "b Proceeding furilicmj Aliteheli calls attention to 
iny statemcni. that an individual foodstuil expresses its normal and most char- 
acteristic nutritive value — only as it is a part of a ration whicrh is (jualitativel^’ 
complete and qiiaiititativciy sufficimt . , . . 'b The question whieb IMitcliell raises 
is, in reality, “ which is the normal and most cliaracteiisiic value of a IbudstufF — 
that determined by its full potentialities, wlum it is adequately su]>pkurKa}ted, or 
by its limitations, when fed alone ? ’b The dilToronco is simply <me of pfdnfc of 
view. It is nonaa! to use le<*diDg stufTs as eonixionenis of approximately complete 
rations ; they are not conimonly fed alone ;and I have used the \v<3rd <‘haraetc.r- 
istic to mean representative 

Mitchell states that the reccait devclopmentr^ in the not energy i‘onctqitiun, 
initiated and defended by the Pennsylvania group, have tended to coinpliitate the 
problem of net energy determinations and perhaps even to cliseourago those who 
have hoped to put the txmeeption to practical use in the rationing of farm animals 

There have beem no recent developments in tiie net energy conception, so far 
as I know. It remains as at first proposed, and it is as miassailable as tlie law of 
conservation of energy. But there has been much new light cast upon the subject of 
energy metaboliBm, and a- searching analysis of the problem of determining energy 
values, in studies published from this institute — ^wliicJi however, shoultl be dis- 
c?ouraging only to those wbo adhere to the ohjedive of detorminJiig net energy 
values of individual stuffs as constants- 
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The idea of determining net energy valuea of rationa, Jiowever, ia u'ortiiy td’ 
consideration. This is a logical deduction from the wfirk of this institute. ]. Iiavti 
made this deduction ; have advocated tfie doterniination of svicb vahies, and inu (i 
enumerated some of their apparent uses in the study of prohlenis in tho Held of 
animal production ®. 

In regard to Mtchell’s spocnlations as to tho cause of specific dynamic action, 
the relation of the dynamic effects of nutrients to the combinations in which they 
are fed, elo., we do not care to comment, especially since tho metliods of determi- 
hafaon of specific dynamic efiects, and tho measurements of the.se effects— in the 

/ / ] . , 800 . Animal Pt(dwUm, Ann. Meeting, 1932 : 32 — 40 . 
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findings of tins lastiiute during icp. « problem of determining 

The new point of view and 

specific djmamic. ottect of body su s „tatns of minimuin heat proihictioii 

hypothesis (Forbes. Braman and Kriss «) o a 

oHife in which the energy ; heatincre- 

withont waste oi heat energy 

meats (dsmamic energy expense of utilkation by the amount 

71m ^^rSerof bocly nutrients 

“rs:rr::t:rr — - - " 

nutrient utilkation. ^ eoncluded-net energy 

We are free to admit, however, that - of the supplementing 

values of individual foodstuffs are ^“ ^ther conditions affecting the, economy 
effects of food combination, for similar reasons specific dynamic 

of food utilkation then it is Wo have unpnblishcsl 

effects of individual nutrients , ^ocond yoarl exireri- 

rcsults on conditions aftecting specific dynamic action, an 

meats on the subject are in pi ogi ess. ^ «.■,«+«. -md their detcr- 

The recent stucHes of this institute on to 

mination afford an improved kisis of undeis^^ ^ 

investigate this question. In » to signify the dynamic effect 

confusion to limit the term spec 0 » eonivalent term “ heat increment ” 

of specific kinds of ""^fifc^tlmt irthosc which arc not specific of particular 
to signify other dynamic eflects— mat is, tiio.i. 

kinds of nutriment. . , .. 

.J.„. 8 ’ ». T„ii«ig M...1 'Vi». 

X)io Gesot'/o des KiiiTgievoibKiuen . 

1903. S. 370- 

"Jirnr. Agr. livamreh, 37 = 285, 1928. 
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ABSTRACTS 


La r^gleuaeatatioii dn trafic fraati^^^re [The Reguiatiaii of Firootieif Traffic.] 
Pavlow, G. (1935). Office Iniemai. des Epizoot, 10, 303— 31Ck 

With the rapid de%'eIopment of tht* nieaiiJ^ of ciomiiitumeHtien and the huposHiliility 
of any one country existing econoiiiically by itself mid ftn* itself, the intensive interna- 
tional exchange of animals has conic to ]>e a necessity and tvith this has increased 
the danger of diffiiaitni of eontagious disf.‘uses. 

With the object of reconciling t lie two appartnitly irreeoneilabie obligations, lumndy 
the extension of international eoinmcree in animals an<i limilation (depizoiitics, the 
cliiferent countries have organized fjvmtim* vtderinary services with a vit'W to eout rolling 
the importation and exportation of aniBials and animal j)roducts> but sueli e,<mtioi 
measures are frequently envisaged from tlic standpoint of piotectionism and political 
considerations, the sanitary motives being only secondary. 

In the beginning, the jneasures adopted are confined to a t(unp<irary closure of such 
frontier points as are lilody.to serve as avenues for the intriKiuctiou of i‘pizootics. Lat 
recourse is had to visits, quarantines, cerfeificatt's of health and place of <irigtu of 
the animals <3oncerned» and, finally, m ultima ratiu^ to tlie total closure of thi‘ froniie , 

A study of epidemiology rc', veals, however, that (Kutain (‘ontagious diseases of 
animals pass from one country to aiiotl ler across polil ical front i(u*s , e v< ai w hen 1 1 a* iait er 
are most rigorously guarded. Thus, it has becai establishiMt by evitlence that foot -anti- 
mouth disease, sheep-j^ox, rabies and swint^ jit^st dtT;\" thc^ rule of the ‘‘ closeti froniii*r 
while dourine and glanders are introduced through the ag(‘ncy of tli(> contraband of tlio 
frontier, such as horses. On the otlier hand, sanitary cordons aiui absolute ])rohi1)itiou 
along the frontier have been found to prevent the intiotluetion of rindei'pest and eon- 
tagious pleuropneumonia of bovines and horses. 

In order to demonstrate the exactitude of the foregoing premises, the author 
refers to certain observations made in tlK> Balkans and particularly in Bidgaria, 
[These observations, however, are of suifieient general interest to merit eouhiileration 
in the present abstract]. 




. bad spread 




While it m difficult to produce actual data to demonstrate thc' transmission of 
rabies from one country to another, the author, on ajyrioiu' grounds, stivss(‘s the fact of 
its transmission and expresses the view that it requires for its sujipression nut merely 
bilateral but international elforts. In tht^ Ihilkans, then^ is no areadn the ] political 
frontiers which may be r('gardetd as jirotecded in so far as rabii's is eoiiemaa^d, tlie 
economic structure of the Balkanic countries and the rund tradition InhiaHait in tliem 
being eminently favourable for pn>pagaf ion of tlie <li.sease. 

The appearance of sheep-pox in Bulgaria had be(*n (‘ftectivi^ly jirevenii'd during a 
period of 5 months in 1934 by the adoption of veteriaaiy police measures and by tlie 
abandonment of virus injection (“ clavelisation ”) en masse as a iirophylaetie measure, 
as this practice always tended to propagate the disease. By means of two instriKdive 
maps, the author illustrates the probable manner of its re -importation on two subse- 
quent occasions during th© same year. On the hrst of these occasions, the foci of 
' v iiDufeetion were wholly disposed along the length of the Danube and on the secon<b tho 

• the interior of the country, tbo appearance of the disease in 
„ ' ■ ■ '{ -206 ) ’ 



abstoacts 


■“'•f ;» T,,,':.^:: 

Riiniauia. 1 1 h'. packs nf ^ ii • ' ,l.>sicfal.-.l coiiciitioii of tlw‘ pastures on t]i<> two 
Dannbian islands m consiHpU'nct, ^ ■ carcast-s thrown into tlm 

b.nte, flu. cu„..»W of fluup ““7 f„m !»»■ 

river constituted the, },rohnhlo mode of pemtiatmu • n i i 

Bulgaria. .■ .. • 

A..of,»...nfl-.«.oflKH»;»o.flu..*«™^^^^^^^ 

Bumaninn nomads. fi f 

From the available epi.ootiologieal 

the disease for the. first tune wa.s enoountt u ,1 - ^ ^ chiefly noticed in the 

Hungary in 1898. The author _ 

neighboring frontier zone of Dobrondja ainongsky >ung muu.s.^^ 

.g..,.,. fluouBl. whioh flu fl— . u «.,.l , , , f„, 

From the foregoing, oiio may formulate tin Tialkan FeiiiiiHiila, an inter- 

oortata opl»oflc, wUd. f ' “l.f .WfaW.. 

lliilkajju ari-aiiH.'n\t.iit i. iiiduatcil 'dt.mguw ■ epizootic pxi.t« ii‘- 

h) oihtu’ i)artHoftheworld]aml(2)the tiangiu o ml } ’ ^ A in point 

wiu Iht. aPluftfdna.of.flu«.p-T>oxftml focU-am -mm. u j j ,, ^^tir.-ly 

in spite of the fact that the frontier between Bulgaim and Yug 

elosed bv means of barlied wire netting. . , 

The author refers to the Franoo-Swiss and Franco-Bdgian ^ the 

Franeo-Italian and Franco-German Conventions 

movement of animals for JJ^th^Veterinarv Commercial Conventions of 

epizootics is also frequently dealt wi hm the '^ri Rumania and 

which it constitutes an integral pait, xis .he x „ 0971 ..na between Bulgaria and 
Czechoslovakia [1930], between Yugoslavia and Greece [1.1-7] 

or 

.fliulofl, Otao., uholly a.o.»™ 

from a locality free irom a given opizoot > J ] the adoption of combative 

across the frontier for the puipose of visiting the animals , (4) t. p 

“~«»,o„I of „inuta. ho..v», to th« 

pod i„ tho convootioo » 8 ol«tin 8 s»ol, tr.ffio th. tolloui.o! rota oro oloffly ' 

( 1 ) the identification of the proprietaries concerned ; ( 2 ) bt 

tion of a descriptive statement for the identification of beasts of burden or of draught 
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aiiiina-ls ; (3) a certificates of ic alt-h and of place of origiii ; (4) regnlar vind iV^apieiii 
to tlio anijnak ; (5) the establishment of a frontier ordinarily of a d<,‘pt|t of ir> to 20 

kilometress on both Bides of the frontier lino ; (U) ihe obligation of videriiniry .fcothorities 
to communicate nriutually, witliin 24 limnv, %vlamcve»r any diseaBe mak<‘ft its appeamntse ; 
(7) the reciprocation of iiifonnation coiieeriiing the prcTentivc nu^aBures a]>j>lied and tiie 
eventual extoiisuai of the frontier xoiui on the appearance of a. particularly menacing 
epizootic. The esiabliishincnt of a fx'ontier veterinary zone is necessitated by our 
knowledge of the epizootics, namely, that direct contact is not the only nietliod of pro- 
pagation of contagious cliseaBCS, but that there are other methods to which the* frontier 
line does not always constitute a barrier. It would tlius seem <iesirable to substitute 
tho notion of frontier zone ’V for that of ‘‘ frontier line ’’ and coostituto for it a new 
mode of sanitary control, whilst the feudal spirit whicli expresses itself in tho tw^o 
opposing manifestations, namely, the authorities of the custom liouse and contraband, 
should make room for sahitary eollaboration. 

Tlie (establishment of a frontier veterinary zone aloin*, liowa^ver, is not caknilated 
to solve the problem of sanitary protection, and the author stresses the desirabt>^ity of 
tile unification of v?‘eteiina-r 5 '' oiganizations and, particularly, flie nud hods of cund/. ‘ ing 
epizootics and suggosts the iustitution of a frouticu* v(d;eriuary service in wiiieh oaoh 
agent will havi^ a special sector in his charge. * 

While tiio unification of combative measures against all diseuses, witlu uit ("xe('pti(Mi, 
is not possible, it is neverthc'lcvss h^asiblcj, toider a Kuropeau plan, to unify the zoo- 
prophylactic? mc^asurcB against rabies, shtn^p-pox, dourine, rinderpest, rougct, anthrax* 
blaek(p.iarfcer and ehedora of birds. 

The author deprecat{?B merely fomial collaboraticm amongst veterinary autiiorities 
and re.fers to the need of cjreating an intimate liaison amongst them designed to ensure 
concerted action in the application of combati ve measures against epizootics. 1 ^S . K. S.] 


^tttdes snt la pleuro'-pueuiuopic mfeciiense des clievres d^Amatolie 
(Studies oa the infectieus pkuro^psieiimoBia of Anatolian goats) 
KoLAi^hi* 0, and Raif, M. in collaboration with Ebim, f, and Arayici E* 
(1936), Eec. MedYSt CXI* 38, and Bull Acad Vil: VIII, 227. 
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The first article deals wltli tlic symptoms and lesions, iHiehu'iology, and infectivit^y 
of morbid xnatta’ials and cultures. 



Symptoms and lesion is a disease of the wintm' and is eharaeteriHed by 
pyroxia, cough, musal discharge, inappetcnco, conjimctivifis, abortions, plouro-piaai- 
monia Uvsualiy more marked in the right than in the left lung and deatiu In advance *ii 
ca-ses areas of necrosis, which are not encafxsulated appear in the lungs, Some goata 
escape death and become dangerous as carriers^ 

BuGteriology . — pasteurella is recoverable in pure culture from affected kmgs from 
ihe cases, and in admixture with contaminants from chronic cases, but not at aU 
. of thefulm^ting type. This organism, which the authors name B. bipolaru 
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ca-pme-pitcws istlie largest of bipolar organisms, pleomorphic, non-motile, non-sporing, 
and gram -negative* It is non-haemolytic and reduces litmns-railk but does not 
coagulate i Most strains produce indol but none hydrogen-sulphide. Growth in broth 
resembles that of most other pasteurella* On agar it develops in dew-drop-like colonies 
which coalesce to form a feebly shining him* The authors consider that its inability to 
grow on the Drigalski plate, its poorly saccharoly tic properties and inagglutinability 
by five of the Salmonella sera further relegate it to the Pasteurella group as opposed to 
/S'.para-B, and related species. 

Cultures are viable at 37*^0. for 35 days and in Tuche’s medium for 75 days. They 
are killed at 58°C. in one hour* 

Infectivity .^ — ^Filtrates of morbid material, and pleural exudates are non-infective, 
Dehbrmated blood gives rise to no more than a transient pyrexia. Saline emulsions of 
lungs obt ained from acute cases of the disease and the supernatant fluid resulting there- 
from after sedimentation are infective to goats by intra-pulmonary inoculation . 

C\vtures are fatal to mice, guinea-pigs, rabbits and pigeons, non-fatal to dogs and 
cats >^d non-infective to fowls. The calf suffers from mere pyrexia after a subcutaneous:, 
inoculation of 1 c. c., bxit dies after an intravenous inoculation of 6 c. c. Cultui’es are- 
fatal to goats by all the routes excepting the intra-tracheal one. 

In the second article the prophylactic and curative measures are desoribed. A. 
formalised killed culture, a formalised saline emulsion of hepatised lung and pleura! 
effusion, and dried powder made from the emulsion were tried. The emulsion was 
found to be the best, protecting ail the fifteen vaccinated animals against contact 
infection. 

Serum made from affected goats, given intravenously at 20 e. c. every three days^ 
was found to have a curative effect. [V. B. B.] 


Vitamins and Minerals in Poultry Nutrition. By 1. M. CEtrioESHASK; 

Nutrition Abstracts ci>nd Reviews, Voi. 5, p. I, 1935. 




In this article the author has reviewed the question of vitamins and minerals in 
relation to poultry nutrition. The subject is discussed under two main heads. ( 1) The 
relation of minerals to poultry problems such as the calcium and phosphorus metabolism 
during the reproductive cycle, the requirements of the growing chick for these minerals, 
porosis, availability of various lime and phosphorus compounds, the effect of iodine sup- 
plement and the toxic action of fluorides, magnesium salts and excess of sodium chloride. 
A brief mention is also made of the effect of minerals on the resistance to disease. (2) 
The need of vitamins A, B, C, D and E for growing as well as adult birds. It is shown 
that deflcienoy of vitamin A appears to predispose the fowl to the onset of iofectious 
diseases, that some of the vitamins of the B group are necessary for normal health and 
growth and that the requirement of vitamin D is very high during growth and still 
higher during egg production. In vitamin X> deficiency in young chickens, gross skeletal 
changes such as beading of the ribs, deformity of the breast bona and enlargement of 
the epiphyses of the long bones are usually present. An enlargement of the parathyroid 
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•«land mat occur aral in rachitic birdA the t^hyroid bi?CAmfe;t extiwtely 1 iai» 

■K is realiiid tliab adequate aftention has not yet beta paid to the retation ot yitaimiss 
4iid minerals to tto incidence of diseases and tlie hope ia expressed that iuwher roseitreh 
•in tlwse lihes may iiave a valuable practical appKcation in reducing the high mortality 
'* wliicii oc6ursin 


Protectiiig'tli^'Matiirai flavoair Hisnbemsok and U. L fco^jjiiOUfeB 

■ For ' tliB ccmsiiBiptioii of told milk ^to be maintained arid iocrc^isedy tJie .pi’odiict , 

: ’nmst be'kept imifonnly palatalde'irom day to ■ 

'.The ' authors- s^ioBmarise' the of reeent; iirvestigationsvearried oid 

Ihuied Stah-s Depanment ot* Agrieultiire on the .suiirei's oi naaiun injxuLit.,f)h. 
flavours .in milk. . 

■■■ '• The ■unpalatidde- .flavours xnaybe:brovight,'idK>ut by, 'by aiiln-ox.}d.ation 
tMhast0hM'by'#rfcain'metalB,by;hi 

of nbino^'iiaii tsi vr^etafllei*^,- eliefnieafe; 

The luii oral lltivour of milk naty he imdi^eicd by adjtrdjnent oi the fee^i progmnano# 
so that anixuab do ^ud- have an aeeess to ft-eds like, elovcn*, (;orn silage, turnips, legiune 

'tillage,: ''etcM '■:fivceelk>nrs':l3e:forotmilMBg—s«el( .rp 

after.' ihilking^', . '’i?dl.^dyp^ siionM :b|y obtaliiefli' -n;: nop-^ 

':'.::metalsiga!lyanisedutc^siis'sooftense^^ 

■■ ::8lio«ld::be ' ■ protec ted'^from' .exposure , to ■:ciirect . suniigl'fl through all .stages .of handiiog. 

[C. E. M.] 
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CORRESPONDENCE 


“ThbEbitoeial Committee, 

T'h^ Indian Joimi-al of Veierma/ry Science and AMinidl Husbandry ^ 

'DeAU .SlBS, 

■ Since the .piiblieatioii of my aT.tiele on Pyosepticaemia of Calves in the Sep- 
tember (1935) issne oiTJie Indwi Jo%0mal of Yderinary Bcmtcc and Anmial 
.HuHmmlry, the organism which I cleseribecl a.s a common caii'^e of this disease 
has been serologically typed as 

This is an interesting iinding, as it appears the first record in India of the 
■existence of this, organism a,s the ■cause of, disease in cah^es. A similar disease of 
calves lias- been ■ encountered .within' recent' years in "a. number' of . countries. One 
may cpiote iToin a recently piiblislied, artio].e by Lovell and. ' Hiiglies, from the 
■■Researeli Institiita of A'nima.1" Pathology, Ro'yal Yeterinary College : — 

Both S. typJii-m,v/rinm (Bact. aertryeke) and 8. emcridifis var. dyblin have 
' been iiicaiminated in disea ©£■ calves.' . The disease' .described; by ■ 'Thomassen 
'■11897 j, was.: probably of, 'this nafure and as previo'iisly mentioned, the ■'^‘ para-colond^ ■ - 
'’ biicilhis of Jensen 'which .'canses tliewTOil-kno'wn calf dysemtery of Denniarlv is ideiiti- ' ' 
cal with the Dublin variety of S. eiiierlddls, 8, enleriddis^ or one of its varieties, 
'has -also' been com.m 'wi^th calf dkeasa in America [Meyer, Tra'om' and Road^ ' ,, ' 
' lioiise,' 1916}, K,eiiyar'[Banbney,A927:], Derinan^ [ProselioMt, 19,3I]^ and i'n .'Dreat'':. 
:BritaM ' [Bos'W'ortli 'and^ LovlL ■ Henni.ng .(private, commimication) .has -Teh ■■; 

•' eently'':exam.in.ed a .number of strains’, of salnioneiia isokted. from: calves 
'.Africa and, all but '(mewere: .S / mtmiditis, var. dublin, : '.Judging: froin:the; litef^^ 
tee, this is the common salinomdla' infection of calves' and,. ihe;idmfrallyr;the':';. same'; 
organism '■canses.gastro-enteritis and' oontimied'fever in hinnan,he'mgs;^k;;:^,,.,i';,:;.'^;^ 

In the light of the foregoing observations, the finding of this organism in cattle 
in India, will most probably be of interest, not only to the veterinary, but also to 
the medical profession, on account of the implications invol ved in the presence of 
such an organism in mature milch cattle as well as in calves. 

The ])art played by this organism in typhoid-like fevers of man, where attempt- 
ed cultural examinations fail to reveal the presence of a true typhoid infection, 
may warrant »serious consideration. 

J. F. Shiblaw, m.b,o.v.s., 

Professor of Pathology, Punjab Veterinary College, Lahore^ 


18th Ilarch 1936. 
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' ; ; the: CURATIVE TEEATMEN OF SUREA.:iN 'BOVIHES;:- 

■ 'BY 

[Received, for publication on lOtli April 1936] 

(With Plat© VII and tliroe text figures) 
feTBOBYCTIOK 

The present investigation originated out of an inquiry made by the ^Anim^l 
Health Bivision of the Council for Scientific and Industrial Research, Common- 
wealth of Australia, concerning the i>OBSibility of importing into that country 
certain types of Indian cattle undent a guarantee to be given by the veterinary 
authorities in India that they are free from surra. A very real responsibility was 
involved in advising upon a matter of this kind, in view of the risk of veterinary 
officers inadvertently tarnishing the fair name of India by cert^ifying animals as 
being entirely free from this disease, when such was not actually the case. At the 
same time, the inquiry brought into prominence the almost entire lack of authen- 
tic inforination concerning a dependable method of rendering affected cattle free 
from surra. Bovine surra, both in India and other countries, has never appeared 
to be deserving of the same degree of attention as most other diseases of cattle, 
this being attributable to the fact that, except in the few instances where the 
disease has been observed to progress to a fatal issue [Mahajan, 1934 ; Iyer and 
Sarwar, 1935 ], its symptoms have, as a rule, been confined to a negligible and 
erratic elevation of the body temperature. As remarked by Sheather [1934], 
Cattle and buffaloes very seldom come as subjects for treatment owing to the 
fact that they may be infected without showing symptoms ’h Similarly, writing 
in 1921, Hornby went as far as testate : ''1 am aware of no literature which 
recordB rocent outbreaks of surra among bovines, and this in spite of the wide dis- 
tribution of the disease among horses and camels in countries where cattle and 
buffaloes are numerous. Consequently there has been no need for any work to be 
done on the treatment,” The remarkable resistance displayed by bovines to the 
development of the clinical symptoms of surra is strikingly illustrated by the fact 
that specially selected cattle from India, in the best of condition^ have been found 
to be the earners of trypanosomes in their blood after they have travelled to 
America” [ Hoare, 1913 ]. Similar instances are recorded by Joseph [ 1928], 
according to whom the presence of surra trypanosomes in the circulating blood of 

{ 215 ) 
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boviiies is not necessarily associated with an cleTatioB of body tempej'ainie. 
There would thus appear to be some reason for doubt as to wliether the parasite 
responsible for surra in boviiies is referable to the species Tnjpammma (mnm at 
all, and although m a recent eojomiinieatioB, Eao and Mudaliar [1934] have 
produced some experimental evidence to show that this is so, it would seem that 
the final solution of the problem vill not have been arrived at until further light 
has been thxwn on the precise identity of the specks of trypanoscme involved 
in the occasional cases of fatal or acute surra in cattle. Should the parasite con- 
cerned in cases of this kind actually turn out, as a result of intensive moipholo- 
gical studies, to be indistinguishable from T, emmi, then it would be of consider- 
able interest to ascertain the circumstances under which this parasite, which is 
usually innocuous for bovincs, attains tlie status of a virulent variant for these 
animals. 


Unfortunately , an investigation into problems relative to bovine surra is ren- 
dered difficult by the fact that there is no reliable method for the diagnosis of the 
disease itself, A periiBai of the available literature shows that practically all 
workers are agreed as to the difficulty of diagnosing the disease in rumiiiants, and 
repeated reference has been nuide by them to the futility of declaring^ a bovine sub- 
ject as free from surra from the mere fact that an examination of its blood Bmears 
has proved negative for the presence of surra, parasites, for these may be so scanty 
that ‘‘ microscopical examinathm of the blood canic^d out for long periods may fail 
to reveal the presence of trypanosomes and even when the temperature is high 



microscopical examination of tlie blood may fail [ Sheathcr, 1984 ]. The diffi- 
culty of diagnosing bovine surra with certainty has also been referred to by Bakker 
[ 1925 ] in the Dutch East Indies, w^hile Gaiger [ 1911 ], in India, even declared 
that ordinary microscopic examination of the blood of cattle for T, emmi in 
India is useless, the parasites are so few in number that they have never been so 
seen Several workers have, therefore, mentioned tho desirability of diagnosing 
Surra in bovincs by means of the- so-called bioh.>gical tests, that is, by the sub- 
inoculation of the suspected blood into small animals [Doeve, 191.8 ; Hornby, 1921; 
Sheather, 1984], although Gaiger [1911] w^ouM even regard this method of 
diagnosis as obviously impracticable but feek '' almost certain that given 
time, money, and opportunities for experiment, other means might be devised 
In referring to the impracticability of the biological test, Gaiger had presumably 
in mind the difficulty of conducting large-scale sub-inoculations under the condi- 
tions obtaining in the field when one has to deal with an actual epizootic of cattle 


K : : : A reference may be made at this point to four other well-known methods that 

have been recommended from time to time for the diagnosis of surra, namely, 
I’ ' ■; | Knowles, 1924, 1925 ] and the Mercuric CMoride [ Barnett & Kenny, 

l' ikl \ 5 method of diagnosis baised upon the so-called Adhesion Bh^mo* 

wk I Davto and Brown^^ 1927 ; Duke and Wallaee, 1930 ]. Apart from the fact 
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that there is little evidence on record to show that any one of these can ho utiliiscd 
withsuccessinthediagnosisof cattle surra, it still remains to be unequivocally 
established that the reactions obtained by these methods are not essentially group, 
as opposed to specifie, reactions. The diagnostic value of Adhesion Phenomonon 
was repeatedly tested at Miiktesar upon rats artificially infected with T, evansi, 
but the results were found difficult to interpret. As to the Complement Fixa- 
tion test, however, E,andall [ 1934 ] records having em^doyed this siiceessfully in 
detecting the infection in suspected horses in the Philippines, where T, cvami 
is the only known pathogenic type of trypanosome — a fact which evidently largely 
contributed to the deduction that the reaction obtained in these cases was not due 
to a species of trypanosome other than 

In view of the uncertainty of the results to be expected from these tests, it was 
not considered worth while to employ them in the present trials, but to adhere to 
the established methods of diagnosis, as will be described later in this pai^cr. 

The Chemotherapy of Boviee Surra : A BfeuiviiS of the Literature 

Wliile, as would appear from what has been stated in the preceding sect ion, 
there is a concensus of opinion concerning the unreliability of the methods hitherto 
used in the chagnosis of bovine stirra, nevertheiess, soma workers woiild appear to 
hold that a permanent recovery in this condition is possible, although their vievrs 
in this respect do not appear to be based on any extensive experimental data. 
Thus, Doeve [1917] refers to complete recovery having occurred in bovines when 
they were well fed and kept indoors, so that re-infection could not take place. 
Again, Leger and Vienne [1919 ] quote Lingard as having stated that recovery is 
the rule among cattle in India, infected vrith stiiTa. Similarly, Broiidiii [ 1927 ] 
mentions the occurrence of spontaneous recovery in bovines if conditions are 
favourable. 

Mesnil and Leger [ 1912 ] would appear to furnish somewhat more definite, 
although indirect, information upon the possibility of rendering cattle permanently 
free from surra. These authors quote Wryburg [ 1907 ] as having stated that 
two zebus which had recovered from surra in Sumatra •were- immune for a period 
which did not exceed two years, and Mesnil had previcusly [ 1910 ] recorded the 
case of another bovine that retained its immunity against a Mauritius strain for a 
period of more than two years. These observations would seem to imply that in 
the case of a cured bovine, a relapse is not likely to occur within two years from 
the date of its recovery, and one may assume that an animal that has not shown 
signs of relapse during this period is not likely to do so during the rest of its 
life. 

Douwes [ 1923 ], in Java, claims to have eiffected complete cure wit h Naga-nol 
in seven out of eleven buffaloes suffering from surra, the blood of all cured animals 
remaining negative for surra tiypanosomes ‘‘ as long as they were under obser- 
vation Each animal received a single intravenous injection of 3 or 5 grms, of 
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from Hyderabad-Deccan. As will be seen from what is stated in. the following 
sectioHj Naganol was also the drug used throughout the experiments described in 
the present paper. 

Eodenw'aldt and Douwes [ 1922 ], bowev^erj would appear to discredit all 
reports of alleged cures ” in buffaloes and in other animals suffering from 
chronic Burra infections, for according to these authors, such animals freq^uently 
show long remissions during which '' the trypanosomes are so scanty in the blood 
that they may be undiscoverable They refer to the futility of studying the 
action of Kaganol upon surra .in isolated cases and stress the importance of carry- 
ing out large-scale experiments before any conclusions can be drawn regarding 
the efficacy of this drug for surra in buffaloes. 

It would seem that the final conclusion to be arrived at in regard to the pro- 
spects of obtaining cures in suiTa in the bovine subject by means of drug treatment 
will have to be based upon the results of a series of large-scale experiments, as sug- 
gestodbyHodenwaldt and Bouwes f 1922 ] , with due regard to the possibility 
that a proportion of the reported relapses in the past may have been, in reality, 
cases of re-infection contracted through the agency of insect %^ectors. As will 
be seen presently, tliis possibility w\as borne in mind when planning the present 
investigation. 

Mateetal and Methods 

In the present investigation a total of fifteen animals, comprising six hill 
bulls and nine buffaloes, were employed. As will be explained later, two out of 
the nine buffaloes had been actually brought under experimentation long before 
the trials originating out of the Australian inquiry were commenced, while 
two buffaloes died and one buffalo had to be discarded and replaced by 
another during the progress of the investigation. Except for these six cases, the 
observation period In the case of all others, was almut one year and a half. 

The experimental animals were housed in two especially-construeted fly- 
proof stables (Plate VII, fig. 1) in order to prevent them from contracting a natural 
infection through the agency of biting flies. At the entrance, the stables were 
provided with double-doors (Plate VII, fig. 2) designed to prevent any possibility 
of access of flies while the attendants are entering or leaving the premises. The 
windows and the ventilators were covered with wire-netting, while all outlets for 
the drainage of urine and stable washings were suitably screened or plugged up. 
It is almost needless to emiihasizo the importance of protective measures of this 
kind, for, as Musgrave and Clegg [ 190«^ ] have remarked, to obtain satisfactory 
restilts such a structure is an absolute necessity ’I 


The strain of T. evansi used in these trials had been repeatedly proved to be 
highly virulent on the equine subject and had been maintained for a number of 
yea^rs in the laboratory byrpassing through rabbits ^nd guinea-pigs. 
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Prior to the infective inoenlation, eaeli animal waB kept imder observaticm 
for about two weeks, and during tliis period its blood was sub-inoculated once into 
rabbits and was also daily examined in wet smears for the presence of surra trypa- 
BOBomes, and it was brought under experimentation only after it bad definitely 
proved to be free from siirra. 

; drug, imxl in tte trials w'as Haganol and' the. dosage employed: was,, ^ 
atthcrateof 6 grms.peri 5 ()CiO]b. bodyw^eigbtin a JO per cent aqueous solution 
administered intravenously, thih dosage having been based upon the results jwe** 
viously obtained in the laboratory in the treatment of eqiimc^s, artificially infected 
with surra. In view of the lower susceptibility of cattle to surra, Baermaim [ 1 023 ] 
would appear to regard it as probable that a small dose of Nagaiiol Is suffieient for 
bringing about a cure in bovine stirra, and Iyer and Sarear [ 1935 ] have actually 
used what would appear to be smaller doses of the drug, ■with apparent success, 
in the treatment of this disease. In the present trials, however, it seemed desir- 
able to use the maximum therapeutic dose of the drug, in conformity with 
Ehiiich*B well-known dictum therajm sieriKsammagna^Bomto prevent any possi- 
bility of the development of Naganohresist ant strainB of T. evansL As will 
be seen from Tables I and II, seven animals received a single injection of Nagaiiol, 
whilst tw'O received three injections at intervals of three months, the remaining 
six animals — two bulls and four biiffaloes~were kept as <?ontrol 8 

At the outset, it was realized that the criterion to bo laid down for assessing 
the value of a therapeutic remedy for bovine stirra was the actual extent of the Btcri- 
lizatioB of the circulating blood brought aljotit by the treatment, quite irrespective 
of any apparent amelioration of the febrile symptoms which, jxs has already been 
indicated earlier in this paper, has not always been found to boar any defmitci rela- 
tionship to the actual progress towards recovery. 

For the detection of the parasites in the eireulatrag blood, three Bietliods ’were 
employed : (1) Daily examination of blood smears for a period of about six monthB 
from the date of commencement of the cxptmments, and later, ■weekly and also on 
the appearance of any suspicious clinical symptoms, it having been considered im- 
probable that the parasites, if present, w^onld escape dcifu^tion on blood smear 
examination when this was continued over as long a. |K^riod as one year and a half ; 
( 2 ) periodical—genemlly at three-montbly intervals-- sub-inoculation of about 
2 to 5 c.e. of blood into rabbits; and (3) sub-inoculation of about 
200 c.c* of blood from each animal into Busceptiblo equine subjects at tlu^ termina- 
fen of the experiments. The observation period in the case of the sub-moculatcd 
ifebfe rang^d from four weeks to one month and that in the case of the sub-in- 
oeulatsd ponies was about three weeks. In addition, a steady and consistent gain 
in body weight shown by a treated animal, .as contrasted with the loss in weight 
; tOTSetlmes obserr^ in the case of untreated anipi^fej wm regarded as additional 
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The CoTTRSB that SirEEA BUKS IH BoVINES AKB OBSEBmTlOHS 'tJ'FOK 
■.;' ■ THE ' EfFEGT -of ,Na.OAHOI/ IK the. Coktbol of this COKOmOH ,.. 


;A ' peTOsiil of/the’ aTOilaWe litei^ature BhoTO'th while' a eoiisidemhleaBioimt 
■ of Falaable oM^ hm 'been made TipDH '^tlie:elmleal: jsjmptoms of pqalne 

.■ 8 U 5 Ta>:tb:e:iidbmiatioii OB I’e'eoitl/conee^^^ the ; comae nm by m\tn\ 'in 1:>oviiies' is 
very fragmentary. The present trials provided an excellent opportiiniiy of maiin 
■vtaining an acenrate record of tlie symptoms' 'exhibited by the control anima-lB 
during, as already mentioiied, an observation period of a year and a hali" and a 
brief account of these symptoms may he appropriate!}^ iiicludi'd hero. 

Fig. I, which represents the chart of Control ” Buffalo No. 6, is illustrative 
of the course of the disease as usually observed in bovineB. As will he seen, this 
animal developed the infection after an ineiibatioii period of about one 
and during the following five da..ys it showed consistently Iarg<-* ninab<n's of 
parasites in the circulating blood, with a corresponding elevation in the body tein^ 
perature. During the eighteen days that followed, the parasiti^s contiuiud to make 
their appearaneo in on erratic manner, until after a sudden inereast^ in Hieir mine 
bors about the 30th day from the date of infective inoeulation, they disap|H*ared 
altogether. Curiously, although the parasites were never again sti^n in blood 
smears from thm animal, nor ivas there a suspicious rise in its body lenipca aiun^,, 
its blood proved hdbctivt" on sub-inoeulation into rabbits, at tln^ end of the B#‘cond 
month from the date on which the parasites wwe last eneountered. on smear 
examination (Table I), 
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The protocol of Buifalo No. 4 (Table I) illustrates difflcHlty of declaring 
an animal as cured on the basis of rasnlts obtained froBi a Bingle series of sub- 
inoculations. As will be seen, this animal developed the infeetion after an incuba- 
tion period of about one week and it showed the parasites in its blood on three 
occasions during the period of about one month and a half that foUow^ecL T%vo 
rabbits were sub-inoculated from this animal about the third iiioiith from the date 
of infective inoculation, but neither developed the infection. On the other hand, 
when the sub-inoculation w as repeated about three montlhs later, the results were 
' positive.' Tlia spasmodic behaviour of the para'sites, in bo vines is likewise' jcharac- ' 
teristically illustrated in the case of Hill Bull No. 1035 (Table I). In this ease, the 
parasites, after a contimied absence in the circulating blood for a period of more 
than: three months, suddenly re-appeared for a single day and w^ere never 
encountered again on blood smear examination. ; 

The history of Buffalo No. 1849 provideg a tbaturo of special interest in 
that it was kept under observation for as long a period as three years and eight 
months {29th April 1930 to 20th December J933). This animal,’ which 
i:epr€®ented the control^* to Buffalo No. 1897 {infra) ^ had lieen actually 
brought under experimentation long before the main series of exporimontB 
originating out of the Australian inquiry were initiated. On referring to Table I, 
it will be observed that in the case of this animal, ihe parasites were encouii-., 

. ‘tere4: <5n four^^ on Wood smear examination, at intervals of 71, 5. and lb- 

days respectively. Sub-inoculation from this animal into rabbits was not com- 
menced until after about one year from the date of infective inoculation and was 
repeated on five occasions at intcrvalsof 113, 134, 196 and, later, at three-monthly 
intervals, but the results were aU negative. It is noteworthy that neither in the 
case of this animal, nor in the case of Buffalo No. 1897 , which represented its pair, 
was any special precautionary measure adopted to protect them from bites of flies, 
until after an expiry of about two years from the date of infective inoculation, 
wheh they were housed, along with the other animals, in fly-proof stables. 




‘Bull No* 1055 represents an extreme instance where the inoculation of Burra 
parasite failed to produce any results w'hatsocver, l>eyond the usual reaction fol- 
lowing upon the incubation period of the disesBe. 

■Buffalo No. 1 B had been originally included in the BcricB of controls but 
having proved unsuitable for use, it had to be discarded and replaced, about thw? 
moniths later, by Buffalo No. 4 to which a reference has already been made. As 
will |be seen from Table I, this animal relapsed after an apparent recovery lasting 
for only about 13 days. 

lit is noteworthy that while the initial reaction of the' disease was definitely 
a tllerinal associated with the occuixence of varying numbers of parasites 

^ itraatotfcg blood, the trapses* on the other hand, i^^^ere, as a mid, devoid 
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of any febrile sjTnptoms and were oliaraoterized by the appearance of the parasites 
only. This would appSr to be in striking contrast with what one observes 
in the ease of equine surra, in which the succession of parasitic relapses is almost 
invariably, associated "with elevation of body temperature. 

In regard to the animals treated with Naganol, a single injection of the drug, 
administered at the rate of 5 gms. per 1,000 lb. body weight, invariably ; resulted 
in a complete sterilization of the circulating blood, as judged by the results ^blood- 
smear examination and of periodical sub-inoculation of blood into smalli animals 
(Table II). In all cases, the parasites disappeared from the circulating hldod with- 
in 24 hours of the injection of the drug (Figs. 2 and 3) and did not appear again 
during the observation period of (in the majority of cases) one year and a haE 
It is to be mentioned, however, that Buffalo No. 1674 died of enteritis and debility 
about 11 months prior to the date (December 20, 1933) on which it was due to be 
discontinued and that no opportunity, therefore, occurred foi‘ testbig the iiifeetivity 
ofits blood on a susceptible equine subject. Nevertheless, the post-treatment 
period of about eight luonths and a half during which it was kept under observation 
would appear for aU practical purposes to be suflSeiently long for assessing the 
value of the remedy in this case. 
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■ ■ ' ■ SmmAm sm Gohcltoiohs 

This investigation wm nndeiiakeii t>o test the poesibility of curing liovine anrra 
with certainty by means of Naganoi For this purpose, a total of fifteen animals, 
comprising mx biiDs and nine buifaJo^, wem artificially infected with a laboraftiry 
stram of Tf^ffmnmmu mmmi and hotised in fly-proof stables* Out of the fifteen 
anim^tls, fonr bnHs and five bnftaloes were treated intravanonsly with one to three 
doses of Haganol at the rate of 6 guns, per 1,000 lb* body weight and the remainmg 
six animate were kept as ** controls Chie treated and one nntreated bnfialo were 
radar obsarratkm lor about three yeans and a half, while the observation 

ammals ranged from thirty-Bine days {in one 




A refei^Bce to column 4 in Table II and, to Figs. 2 and 3 will show that, , 
while in every one of the artificially infected animate, the dteeaso was allowed to bo 
folly established, in no instance did the mfection proceed beyond dS'lioni^ when 
treatment was applied* The object of this was to make mm that recovery was 
actually brought about as a result of drug intorvention and not, as has" frequently 
been observed to be the ease, by a process of spniitaiieous ■.disappearance of the 
parasites. However, what appeared to be the conclusive evidence of the efficacy 
of Naganol was provided by the fact that In none of the treated animals wem the 
parasites encountered either on smear examination or m ' a result of stil^inoculation* . 

It will be olmerved (Table II) that two of the animate meeived'ii mnme of .three- ■ 
injections of Naganol at intervals of about three months* This procedure was 
adopted in order to ensure the maximum possibility of success bcung obtained with 
the drug treatment and in view of the uncertainty of the results to be exjiected from 
the single-dose therapy, for, as already mentioned, the proBent triate had for .their ' 
object' the development of a method of rendering cattle iierinaneiitly' free from surra, 
quite irrespective ofthe quantity of the drug required for the attainment of this 
object* ■ ■ ■ 


Buffalo No. 1897, which represented the pair to Control Buffalo No. 1849, 
is of special interest in that it was kept under post-treatment oliservation for 
more than three years and a half, without any evideniic of relapse teung oxlu- 
bited by it, for it is almost ncedlesfe to stress the importancf^ the time factor in 
assessing the curative value of a drug for bovine surra wd.iK*li is m liable to run a 
chronic course, with the parasites unaccountably appc^aring in the eireukting blood 
after the animal concerned has, to all appearances, reeovt‘rcd from the diseaso. 


It is noteworthy that, whether in the ease of the animals or in the 

case of the “ controls,” the results of sub-inoeulation of Hood into susceptible 
poni^ at the termination of the experiments were of an entirely negative order, 
and this would seem to confirm the view expressed by certain workers (ante) that 
in bovine surra recovery may occur spontaneously without the necessity of drug 
mtervention* 
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instance) to about one year and a ball During these periods, one control ’’ bull 
and all the four control” buffaloes showed the parasites at various intervals in 
their circulating blood, as revealed by the results of blood smear examination or of 
the sub-inoculation of their blood into rabbits, the maximum period up to which 
evidence of infection was thus obtained having been about six months (Buffalo 
ISTo. 4) from the date of infeetive inoculation. The treated animals, however, 
remained entirely free from infection after the initial sterilization of their blood 
by drug in jection. At the termination of the experiments, about 200 c.c. of blood 
from each of the ''controls,^* as well as from each of the treated animals, was sub- 
inoculated into susceptible equine subjects, but the results were of an entirely nega- 
tive order, and from this one would conclude that in bovine surra spontaneous 
recovery is the imle rather than the exception. Nevertheless, the fact that some of 
the “ controls ’^ continued to show the parasites periodically for some length of time 
after receiving the infective inoculation would appear to point to the advisability 
of treating all actual or suspected cases of bovine surra with Naganol before they 
are declared to be definitely free from the disease i 

While a single dose of Naganol proved effective in at least seven out of the nine 
cases treated with this drug, it would seem very desirable, in view of the observa- 
tions recorded by Lagas [ 1926 ], to repeat the dosage once, and, if possible, even 
twice, at intervals of one month, partieuiarly when the animal concerned is in- 
tended for export to countries known to be free from surra. 
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The milk produced by the cow during the first few days after calving is some- 
times referred to as * beastings ’ or * green milk ' but more commonly as colostnmi. 
The composition, condition, colour, taste and smell of the milk immediati^ly after 
parturition differs considerably from that of normal milk which the eow gives, 
say, a week later* The change to normal takes place gradually and is complete 
within 5 to 0 days, although some of the ingredients such as fat and milk sijgar 
change over very rapidly to their normal proportions. The piingc^nt taste and 
slimy appearance of the coIoBtriim do not last for more than a couple of days. 
The dairy herd attached to the Agricultural College, Lyallpur, consists of the cows 
of the Montgomery breed alone and true colostrum as generally obtained from 
these animals is usually yellow and very often deep yellow in colour. 

Our knowledge about the true function of colostrum in the nutritional meta- 
bolism of the new born animals is limited. It is generally supposed to act as a 
laxative and facilitates the early passage of the meconium from the intestinal 
tract of the infant animal. Another rdle sometimes attributed to this product 
is its high concentration of nutritive elements in a form easily digested by the young 
animals [Ling, 1930]. Earle and Gamble [1934] working on young foals have 
discovered yet another function for this materiaL The results of their Investi- 
gation have shown that, in at least some species, colostrum Berves to immunisse 
the new born animal passively against bacteria for which its dam has already 
acquired immunity* 

Until recently, the belief was commonly held that the milk is secreted pri- 
marily for the nourishment of the calf and scientists and laymen alike believed 
that full development of the mammary glands and the actual secretion of milk 
could be brought about only by the normal processes occurring during pregnancy. 
The fact that the nature of the milk immediately after calving was different from 
that of the normal milk has been attributed to the immediate specific requirements 
olthe newly bom animal* Recent work carried out by the Bureau of Dairy In- 
dustry* U. S* A.* as reported by Evans [1934], has, howev^, shown that pregnancy 
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is not necessary for full development of the mammary glands and milk secretion 
and that by the injection of extracts of the anterior pitnitary gland into a virgin 
dairy heifer, a daily milk yield of 15 to 18 pounds was obtained and maintained 
over several months after the injections had ceased. No mention is, however, 
made of the composition of the milk obtained. It would be interesting to know 
if the milk was uniformly alike in this respect throughout the entire period of 
lactation or if the composition of the first milk obtained from the virgin heifer 
differed in any way from the milk obtained, say 3 or 4 days after, if any colos- 
trum was secreted. The absence of any difference between the two would lend a 
strong support to the belief that colostrum with its characteristic properties which 
are so widely different from those of the normal milk is elaborated simply to meet 
the requirements of the newly bom animal. 

The object of the present note, however, is not to say anything on the biologi- 
cal functions of colostrum, but to present a certain amount of analytical data with 
regard to colostrum secreted by Montgomery cows. 

The figures presented in the following tables give tbe analytical composition 
of the colostrum and the milk from three different cows of the Montgomery breed 
kept at the Agricultural College Daiiy^ Farm, Lyallpur. The percentage com- 
position of the colostrum from all tlie three animals, immediately after calving, 
was as follows ; — 


i Albumin 

I Total : and 

Acidity j pro- Casein Globu- 
! teins lin 


Bpecific Total | Milk 

gravity solids ! Fat sugar 
at OO^^F i 
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It will be noted that the colostrum from Cow No. 2 contains a much greater 
amount of total solids than that from both of the other animals and the difference 
is due to the greater amount of fat and casein present in the colostrum of this 
animal. The other ingredients do not show so wide a difference. The complete 
analytical data, showing the gradual change from colostrum to normal milk in 
the case of all the three animals, is presented in the three Tables I, II, and 
III that follow. Table IV gives the average figures from the three individual 
animals and these are represented graphically in the diagram. The changes 
suffered by the individual ingredients may be summarised thus 


(1) The initial high figures for total solid, acidity, and mineral matter deoHne 
rapidly and reach to an almost constant value within 24 hours. 


(2) Total proteins, decrease gradimily to about 25 per cent of their original 
value in 36 hours. The greatest change, however, takes place in tlie 
amount of albumin and globulin, which decrease to about 6 per cent 
of the initial figure. Casein, except In the case of animal No. 2 where 
the initial figure was very high, does not diminish to any appreciable 
extent. This diminution in the amount of water-soluble proteins 
seems to synchronise with the appearance of digestive enzymes in the 
stomach of the calf. 


Table V gives the refractive index, saponification value and the Iodine value 
of the fat obtained from daily milk over a period of 7 days after calving. The 
figures for the refractive index and Iodine value for fat from colostrum are almost 
identical with those of fat from normal milk ; saponification value, on the other 
hand, shov/s a gradual increase, indicating that the fatty acids of high molecular 
weight contained in the fat are slowly changing to those of low molecular weight. 
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24 28th Feb. 1929 I M 1-032 14*01 4-7 0*131 3*66 0*72 3*02 4*57 


Colostrum analysis {Average of three periods) 
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Table V 


Description of the sample of Fat 

Baponificatipn : 

' ■■■ ■ ' value ■ 

' .IocliBa^:¥ahi0../ '■ 

Refraotive 
Index at 40''C 

Isfc day after calving * 

203*6 

32*31 

■\ 1-457 "V; 

2hd . : 33o. : ■ ■ 

206-4 

83-73 

i': . ' 1-467 , ■■■ 

Srd Do. • • • 

206-6 

33-66 

■1*467 /■. : 

4th Do. . . • 

: 210-9 

30- 99 ! 

1*466 

6th Do, 

217-8 

31-39 

■■ 1*466 ■ ■' 

Cth Do. . . • 

220- 2 ; 

31-03 

1*466 

7th Do. ... 

■222-8 

32-23 

' i*466„: ■ ■: 

Hormal for butter Fat # * ’ 

224-1 

31*0 

! ■ 

1-455 
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BOVINE TRYPANOSOMIASIS IN CENTRAL PROVINCES 
WniS: AN: ACCOUNT OP SOME RECENT OUTBREAKS 
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cape: BACHAN SINGH, MR.C,V.S., 

Veterinary InvesUgafmi Officer^ Central Provmces and Berar. 

[Beceiyed for pubiication on 29tii Febmarjr 1936,] 

(With Plates Vin—Xf 

The term bovine trypanosomiasis ” in the title is used advisedly in view of 
the fact that, as is to be explained later, the form of trypanosomiasis dealt with 
in this paper presents certain features which would appear to mahe it necessary to 
carry out an extensive investigation into this condition before it can be definitely 
identified with Surra, by which term is understood the type of trypanosomiasis 
caused exclusively by Trypamsoma evami. One of these features is the frequency 
with which the disease progresses to a fatal issue for imtil recently T. evmsi 
has been regarded asusually innocuous for cattle. 

This point has heen mentioned in the Annual Report of the Imperial Institute 
of Veterinary Research, Mtiktesar, for the year ending March 1935, where it is 
stated, In view of the recent outbreaks of a fatal form of cattle siura at Kama! 
(Punjab) and Hyderabad (Deccan), work has been taken in hand (I) to determine 
the specific identity of the trypanosomes concerned in such outbreaks, and if 
exhaustive researches into the identity of the parasites show them to be identical 
with T, evmisi, (2) to ascertain the conditions under which JT. emnsi which is 
usually innocuous for the bovine species, attains the status of a virulent variant for 
these animals/^ 

From available literature, it would appear that, the first severe outbreak of 
cattle trypanosomiasis in India, was reported from Madras by Chetti [1922], 
according to whom, out of a total of 111 Corporation bullocks affected with the 
disease, as many as 101 animals died, the symptoms ranging between the acute 
and the chronic form. About nine years later, Rao [1931], working in the same 
Province, recorded a series of similar outbreaks with a mortality rate of 20 to 
SO per cent. 

Quite recently, a very severe outbreak of cattle trjTpanosomiasis has been 
reported by Mahajan [1934] from Hyderabad (Deccan), with as high a mortality 
as 100 per cent, about 90 per cent of the affected animals being bullocks. 

In a still more recent communication, Iyer and Sarwar [1935] have reported 
similar outbreaks of the disease at the Imperial Cattle Breeding Farm;, Kamal 
(Punjab). 
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Some otiTBBEAKS ojr the^ Disease 
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Bovine TRtjpANosoMiAsis in ckNteAl provinces 


The second interesting outbreak of bo¥me trypanosoiriiasis encountered by the 
author occurred in Damoh ialiBil in Saiigor district, towards the end of Movember* 
The anthor^s attention v/as at first directed oh perusal of the contagions disease 
register to the record of certain outbreaks, which had passed either for Anthrax or 
for Mom, but no definite diagnosis seemed to have been made in these cases 
by the local veterinary staff. About the same time another similar report of 
6Aom came from a village known as Mala. On the 24t-h November, this 
village was visited by the author and there he found a heifer in and 

its blood revealed the presence of trypanosomes under the microscope. 

During the course of investigation, the local cultivators told the writer that 
the disease was also prevalent in the adjacent villages of Rond and Sagra. On 
receipt of this information an investigation was undertaken on the 26th and 27th 
November in both these villages, where the disease proved to be mostly of a chronic 
type, with a high rate of mortality . 

The actual number of deaths recorded up to the 26th October in these two 
localities were as follows : — 


Name of village 

Bullocks 

Cows 1 

■Young:, 

calves 

Buffaloes 

^ ■" ':1 

Buffalo 

calves 

Ponies 

1 Total 

Rond : 

26 

21 

■ : . . 4 '.^ 



1 

64 

Sagra • , . : 

16 

12 

11 



5 

60 


The number of cases found suffering from the disease at the time of th© 
author’s first visit %vas as follows : — 


Name of village 

Biilioclis 

Cows 

Young 
■ calves: ' 


Ponies 

Total 

Rond; ■ ■'*;■■■ ■■.■,' ■» ,1 

10 

11 

! 2 





Sagra': ' '■■■ ■ * | 

16 '-; 

4 

4 



,, 

24 


The disease was confirmed microscopically in ten animals at both these villages, 
and in all the suffering cases, the method of treatment adopted was an intravenous 
administration of tartar emetic. Both the villages were visited again on the llth 
December when the disease was found to be still prevailing, more than thirty fresh 
cases having occurred during the interval. Out of fifty oases treated with tartar 
emetic during the author’s previous visit, thirty-five were reported to have suc- 
cumbed and the rest recovered. 

In the course of this investigation^ it was observed, that the disease ran an 
acute, sub-acute and also a chronic, course (Plate VIII, Figs. 1 — 3 and Plat© IX, 
Fig. 4} with the usual characteristic symptoms. As the s 3 unptoms have already 
been described by the different workers’ in this country, it seems unnecessary to 
recapitulate them in this article. " " ^ 
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Microscopic exammatioii of blood reveals tlie presence of trypanosomes in 
the acute form of tlie disease cpiite readily, wbereas in the Bub-aeute and chronic 
forms they are rarely seen in the peripheral circolation. Soon after deaths smears 
of liearb blood, hmg, liver and ccrebro-spinai fluid Mled to reveal any trypano* 

■ soines.--"' 

. ■SrrsoBm'Biiii^rY 

Bullocks when overworked proved to be more susceptible thaii other cattle, 
while on the other hand buffaloes appeared to resist the disease. Some y^ung 
cakes below six months of age were reported to have succumbed during the recent 
outbreaks, and in the case of one calf under six months, the author detected try* 
panosomes on oxaininatioii of blood smea®. 

■ BnaiOKAii nisraiBUTiOH 

A map is appended (Plate X) to indicate the incidence of bovine 
trypanosomiasis as observed during the current year, the disease in all cases 
having been confirmed microscopically on examination of blood Hinoars in the 
Vetoinary Laboratory, Nagpur. In Saugor district, where the author invcBtiga* 
ted the problem, the area chiefly affected was low lying and covered with a w ild 
growth of tall thick grass knowm as Icans^ a large part of the area remaining under 
water during rainy season. 

SbASOHAL 1KOIBEB0B 

The disease runs a definite seasonal course. The first outbreaks occurred 
during the month of August, and these spread extensively during September, 
October and November, when they began to subside. Some clironie eases oeourred 
in December and January in the villages where the disease had already been 
prevailing since the month of November, but no fresh outbreak was reported during 
the later two months. 

TeEAMBH!!' 

Twenty-one animals ware treated in the month of October l>y means of tartar 
emetic solution admiiUBtered intravenously, the dose used varying from 10 to 15 
grains in 20 to 80 o.c. of distiiied water. All the twenty-one animals were suffering 
from an acute type of the disease. This method of treatment proved to l>e 
strikingly successful, for only one of the treated animals succumbed and ail others 
recovered. The efficacy of this method of treatment was also tested upon more 
than fifty chronic cases, the majority of which ware in an advanced stage of the 
diseaise, hut the results were not so encouraging, for the treatment was successful 
in about 30 per cent of the cases only* These results are summarissed in Tables 
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BOVIHK trypanosomiasis IN CENTRAL PROVINOBS ’ - 24l 

IBISNUTY OF THE CAUSAL ORGANISMS ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

A number of blood smears were submitted to tlie Mubtesar Laboratory for 
examination and tlie following report was received : — 

^'The blood smears forwarded have, on microscopical examination, shown 
Trypanosoma evansi in each case 


Il)ENTI.TY OF TICKS AND FLIES 


Specimens of flies and ticks, collected from some of the affected animals, were 
forwarded for examination to the Muktesar laboratory. The flies were identified 
as Hippobosca maculaia and the ticks as Hylonia aegypiium and BoopMlus mstralis. 
Blood smears, made from some of the crushed ticks, proved negative for the 
presence of trypanosomes. 

It is of interest that the disease is known as hliora amongst the local 
cultivators, the name being based upon the phenomenon of circular movements 
manifested by the affected anim als , The disease is believed by some to bo brought 
about as a result of ingesting certain species of worms found on the long grass, while 
others believe it to be caused by snake bite. Firing is the only treatment com- 
monly practised by the local cultivators, and it often leads to sloughing of the 
parts treated in this manner (Plate IX, Fig. 5). 


Summary 


1. Although bovine trypanosomiasis is not of infrequent occurrence, the 
disease has hitherto been mistaken for anthrax in certain tracts in the province. 

2. The disease affects both cattle and buffaloes but working bullocks are parti- 
cularly susceptible to it, the rate of mortality in these, when affected with the acute 
form of the disease, being more than 90 per cent. Young cattle come second in 
regard to susceptibility, while buffaloes are more resistant. 

3. Some cases of death also occurred among young calves below six months 
of age, and in one instance the trypanosomes were detected under the microscope. 

4. The disease riinK an acute, sub-acute and chronic course. In the acute 
form, the death may occur from six hours to twenty-four hours from the onset of 
symptoms. In the chronic type, the animal may linger as long as one to three 
weeks. 

6. The disease has a definite seasonal incidence. It appears soon after the 
rains and continues till the latter part of the winter. 

6. The disease prevaik particularly in low'-lying areas inundated during tho 
rains and covered with a wild growth of tall, thick grass known as ham^ 
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7. During 1935, very serious outbreaks of the disease have been recorded in 

Saugor district, with a mortality rate of more than 90 per cent. 

g The trypanosomes concerned in these outbreaks were examined at the 
Muktosar laboratory and found indistinguishablo from Trypanosoma mansi. 

9. Tlie method of treatment adopted was an intravenous injection of tartar 
emetic and this proved very effective when given in the initial stage of an acute 
form of the disease. In the chronic form, however, it iwoved successful only m 
30 per cent of the cases. 

Acknowledgments 

The author takes this opportunity to tliank the Veterinary Inspector, Saugor, 
and those Veterinary Assistant Surgeons who heliKid him in different waj^ in 
this investigation. 

The author feels very grateful to the Director, Inijierial Institute of \ eterinary 
Research, Muktesar, for his examining the material submitted, and to Mr. S. K. 
Sen, M.Sc., Entomologist of the same Institute, for going through this paper and 
bis helpful BUggestiona. 

H appreciates tho^aervices of ^ Mr. 0. N. 

KhardeUavis, Clerk, for keeping an accurate record of field observations. 


ItEFBEENCES 

Anantnarayan Rao (1923). Soma observations on Trypanosomiasis in Madras 
Vrosidency. Ind, Vef. J. 8, 111* 

Annual Report oj the Itis. Fe^. Res-> Muktesaft 1934*35. 

tyer, P. B., and Sarwar, S. M. (1935). Bovine Surra in India, with a doscription of a 
■ itecent Outbreak. Jnd. J”. Vef. /Set. esnd Antfw. Hm«&. 5, 158, 

Mahajan, M. B. (1934). A note on Bovine Trypanosomiasis in Hyderabad State. 

' Ind*, J. Vet. Sci. and Anifn. Hueb, 4, 242. 

::-itiriihgK;B.:*-{:i92T).:f:;::^^ 

Venkataratnam Chetti, C. B. (1922). Trypanosomiasis in Cattle. Madras Vet. J, 



AN UNUSUAL CASE OEVEPIZOOTIC LYMPHANGl^^^ IN A 

MULE 
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Im2>erialJMatiiuicofYeknnmyResimT]i^ 

[Received for publication on 18i?li Axndl, 193 6/j 
(With Platos XI-~-XIII.) 

Epizootic lymphangitis is a virulent disease of eqiiines, caused by the specific 
fungus, Gryptococcus farciminosiis'R>ixQ\it\,, and it has no doubt existed from time 
immemorial in many parts of the world where it has often been confounded with 
cutaneous glanders or ulcerative lymphangitis. French veterinarians have, how- 
ever, recognized the disease as a separate entity for a long time under such names 
as Farcin de riviere. Farcin en cul de poule, Farcin curable, Farcin d* afrique and 
Lymphangite Epiwotica, 

Epizootic lymphangitis is usually considered as a suppurative disease of the 
lymphatic vessels and glands of the skin only, and the possibility of the occurrence 
of atypical cases affecting the internal organs, with the total freedom of the skin, 
is, we believe, often overlooked. Tiio diagnosis of such atypical cases presents 
obvious difficulties. For the above reason and since a consideration of these 
atypical forms of Cryptococcosis is likely to throw some light on the probable 
modes of natural transmission of the disease, about which there docs not appear 
to be any unanimity of opinion, it is proposed to record in this article the case of 
a mule which succumbed to an infection of the intestine, the usual cutaneous 
lesions being entirely absent* 

LiTEIiATXJE® 

In order that the present case may be studied in its proper perspective, it 
would seem worth while to notice briefly and in chronological order some records of 
epizootic lymphangitis involving sites other than the skin. 

Nocard [1891] pointed out the constant association of the parasito wttfi tho 
lesions and how easily a diagnosis can be made by demonstrating their presence* 
He called attention to the occurrence of lesions on the mucous membranes in some 
animals resembling those of glanders. 

Mazzanti [1892] found, on post mortem examination of a mare 2| years old, 
which died showing symptoms of enteritis, certain lesions in the terminal part of 
the colon* The colon show’^ed an abscess of the size of a pigeon^s egg, and in the 
vicinity the mucous membrane presented one irregular ulcerated area, about 
12 cm* in diameter, with raised borders^ a depressed centre and covered with 


fl 
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black alioieiitary debris. On histological exainiiiat ion, the indurated wall of 
this nicer reTOaled suppnrating areas,^^ w cryptoeoeci located in the cells and 
outside them. ,TMs;Teferem^e constittitas the 'Oiily record of 'the , occurrence of 
intestinal cryptococcosis in equines, - eNcepti .perhaps the eases of Gomish 
. Bowden- [1904] and Descay^eaux , [1921] ' to be mentioned below, 

■' ■ 'Nocard and LeOlainche [1896] state;' that the- speoifi lesions may extend to 
the larger bronchi and that occasionaliy they are found in the lung parenchyma 
as'-well,' 

' In Japan' the condition had been known for years under, the name Japanese 
Farcy ” and ToMshige [1896] cla-ims to have found it oecurring in cattle besides 
horses. He observes that in equines the lesions may be found in the lungs, liver, 
spleen and bones, and that the lung lesions occur in the f om of lobular pneumonia 
with fairly frequent greyish nodules resembling those of glanders. It should be 
noted here that Tokishiga was the first workcuy to cultivate this organism and 
to allocate it to the Saccharomyces. 


In India, this condition was first described by Moore [1896] under the name 
ulcerative lymphangitis. In giving a detailed aceoiint of .Moore's cases, Pease 
[1897] also regarded them as identical with nleerativo lymphangitis. Lingard 
[1901], the first worker to recognise the organisms in this country, was of ihe 
opinion that the outbreaks of this condition at Kamal aud Hapiir originated from 
some-'-muleS'.imp'ortedlrom' Italy With a view to determine the relative Buseepri* 
bility''of each, Species htv earned out,, by^ the ..subcutaneous route, a sorieB of experi* ■ 
;'mental'.inocaiationS''on..a.qtiiEes,'boviims, buffaIo and goatS' with fresh 

material from a clinical case. A few wrecks after the inoculation, large lesions w^ere 
observed at and around the seat of inoculation hi the horses and mules, and to a 
smaller extent in bovines. None of the animala, however, was found to have 
develoi>ed any internal iesioms, when aiitopeied about two years later. 

Pallin [1904], in his excellent treatise on this disease, states that usimlly the 
lesions of eiuzootic lymphangitis arc confined to the skin, but occasionally they 



may occur on the mucous membranes and they may even extend to the internal 
organs. The lesions may bo found on any part of the body, but are frequently 
associated with parts exposed to wounds from kicks, contusions and harness galls. 
This worker further observes that in about 7 to II) pet cent of cases, the mucous 
membrane covering the nasal ebambers, air sinuBOB, the pharynx, larynx and the 
upper third of the trachea and also the conjunctiva are aflected. The mucosal 
lesions, it is stated, are first noticed as small papules or pimples which rapidly 
develop into vesicles and burst, forming well-defined ulcers with a raised edge and 
a dug out centra, Pallin succeeded in proving that the disease is readily inooii- 
lable to horses, donkeys and mules, but he failed to reproduce the disease in cattle, 
sheep, goats and guinea-pigs by inoeulation. According to him, systemic distur^ 
bailees rarely ensue in the early stages of the cutaneous form ; but in advanced 
$tag<^ intemitteiit fever and a mpid fall jn condition have been observed. 


' ' ■ , ' . ■ , 
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Working in Great Britain, Riineiman [1904] observed tliat the first symptoms 
of the disease are a slight rise of temperature and sometimes a filling of the hind 
limbs, diminished a.ppetite and a rapid loss of condition. No further change takes 
place for days, until suddenly cutaneous nodules make their appearance and cover 
the whole of the animars body within a space of 12 to 24 hours. Such cases are 
not amenable to any treatment and rapidly progress to a fatal issue. Until the 
appearance of the nodules, the symptoms observed are extremely vague and 
provide little of diagnostic value. According to this worker, cases of this kind are 
= of digestive or respiratory origin, the primary nodules being present in the internal 
organs. In the primary cutaneous form of the disease, he is unaware of any 
symptoms other than the presence of the nodules ; while he is confident that cases 
of primary internal infection do occur where the condition can be diagnosed only 
after the appearance of the specific nodules in a visible part of the body. He 
cites a few cases of primary internal infection he encountered, where the animals 
were sick a long time before the actual appearance of external lesions. In one of 
his cases, where the animal was ill for some time, the nodules appeared all of a 
sudden and the animal died. On poet mortem examination, abscesses w^ere found 
in the lungs which contained a thick creamy pus, suggesting to him that ih© 
lungs were the j)rimary seat of infection. Hence Bunciman considers it as hardly 
probable that the infection in this disease is conveyed exclusively through the 
skin. 

Cornish Bowden [1904] records the i)articulars of a horse exhibiting sever© 
premonitoiy and systemic symptoms which were followed subsequently by severe 
diarrhoea and cutaneous lesions. This animal was purchased in good condition 
on 7th July, 1904, it went off feed a week later, and rapidly went down in condi- 
tion until it developed severe foetid diarrhoea, with small cutaneous sores which 
were noticed later on 20tli July, 1904. • The animal, however, was successfully 
treated with potassium iodide, iodine and quinine and was discharged, cured on 
18th August, 1904. This was presumably a case of the disease where infection of 
the intestine.? preceded the involvement of the skin, 

Harber [1913] had experience of numerous well marked lesions appearing on 
the body of horses in the course of 48 hours, and of some unbroken buds appearing 
in 24 hours. However, he was unable to detect any w^ounds on the aflfected animals, 
which might have served as portals of entry for the parasites concerned. He 
remarks that, in these cases, the organisms could not have been carried by harness, 
etc., as these animals were kept in strict quarantine and were not being worked. 
Harber [1913] presumes that the disease becomes generalized to the cutis from 
primary lesions in the internal organs, although he failed to encounter cases of this 
kind personally. He adds that the diseas© spreads more rapidly in donkeys than 
in horses, and concludes that flies are mainly involved in the spread of tb e inf ection . 

Tokishige^s contention that cattle in Japan may develop atypical lesions 
of the disease has been questioned by Wallis Hoar© [1913], since this view is not 


.j 


;^264 tHE; INBIA.^, m’BKAIi of VKTERmARY SCIENCE ' ANP ANIMAL HUSBANDRY [YI, III 

in accord with the ftiet that boviuos in other countries have resisted ali attempts 
at experimental Infection. Hoare goes on to say that the disease being so pre- 
valent in Japan, almost every Jiorso is liabia to develop an attack at an early 
ago, and that a horse is considered more valuable there after recovery than if 
it had never had an attack, as it is then lield to bo Immune* 

In Morocco, Mcnod and Vein [1915] described wliat thoj*' believe to be^ cases 
of delayed relapses among horsf^s, as opposed to reinfection, oeeurring from 3 
to 6 months after apjjarent complete recovery. These workers refer to tlio 
occiirrencje of osseous lesions in this disease, aimrriug at the same time that these 
constitute the must serious and refractory fomu They add that, with rare 
exceptions, the extracutancous lesions are often secondary, and that out of 20 
cases of epizootic lymphangitis slaughterecl as incurable in one year, 13 were 
found to have developed bony lesions. 

Fayet, Leysses and Prudhomine [1917] record under the heading a rare 
scat of epizootic lymphangitis ** lesions in tha post-pharyngeal lymphatic glands 
of ahorse. 

In the experience of DcBcazemux (1931], a horse, which was under treatment 
for epizootic lymphangitis with lesions about the withers, died of some digestive 
disorder. In this ease, cryj)t(K*occi were found in the, etdurgeil prt^seapnlar and 
axillary lymph glands, but the stomacih and infr^stines show^Ml no s|SM;iile altera- 
tion; whilst tlie mesenteric.: glands appeared', healtliy . However, sineam frcmi the 
:'^::imicous membram^^of \th^ -stoniadi and iidostines, as also .frurn the .■ conteits -of 
a Habfomma abscesB in the stomach showed on examination the presenee of 
numerous cryptococei. Histological examination of the Habmnivmi tumour 
showed masses of cryptococci and the lielminths, whilst giant cells containing 
numerous cryptococei were found in the Bubniucous lymph spaces. 

Vein [1924] proposes the name Cryptococcm mara7idei for the parasite affect- 
ing the iachrjntnal tract of donkojm, and adds tliat the 'f>arasitc can be transniitted 
readily from donkey to donkey with infective material and that lilainentons 
forms and ascospores do not occur in those parasites. 

Gronow [1924] found myeolial and yeast forms of the parasite in the pus 
from a local abscess of a horse produced by BubciitanemiB ino(;iiIation of a Jiving 
culture of the organisKi. 

Micheion [1925] mentions the oocurmieo of four abscesBc^H in ihe lungB 
and one in the bronchial gland of a horse due to Cryptocoems fardmmimh^^. The 
abscesses contained yellowish white pus. 

Hutyra and Mairek [1926] write that the parmtes may also be present in 
apparently normal lymph glands and lymph spaces of the gastro-intestinal mucous 
' membrane of affected horses, and quote the above-cited experience of Bascazeaux 
'in 'this connection, , These workers add that gomatimes small nodules and puru- 
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Paine [1931] observes that the disease is more prevalent in tick«infested 
areas and that ticks take an active part in its transmission. 

Bardelli and Cilli [1931] describe a case of osteomyolitis of the left tibia of 
a horse due to Oryptococms farciminosus, In the interior of the tibial crest, there 
was a purulent centre, 2 cm. in dimension, surrounded by a zone of reaction 
manifested as a condensing ostitis, about 5 mm. in mdth. Numerous cryptococci 
were seen in the purulent fluid. 

Prom the Sudan, Bennett [1931] describes a form of interstitial pneumonia 
affecting horses and mules but not donkeys caused by Gry’ptococms JarciminoBUQ 
and thinks that these lesions may have been overlooked in the past. The 
symptoms consisted of accelerated and increasingly shallow respiration, irregular 
rise in temperature, steady loss of condition though the appetite for the most 
part remained normal. The pleura and the bronchial lymph glands wore iin* 
involved, and only in one of the many cases observed was there an evidence of 
the presence of superficial or cutaneous lesions of epizootic lymphangitis. No other 
internal organs were affected. From a histopathologieal point of view, the author 
writes that the lesions commence with lymphocytic infiltration of the terminal 
bronchi without any evidence of vascular congestion, the infiltration later on 
extending to the interlobular septa until one or more whole lobules are involved. 
The lymphocytes then get replaced or arc outnumbered by large mono-nuclear 
cells dexived from the alveolar epitlieliiim and these gradually invade and des- 
troy the small bronchioles, veins and arteries. This is followed fusion of the 
mono-nuclear cells resulting in the formation of giant cells containing large mim- 
hers of cryptococci, this in turn being followed by the destruction of the invaded 
cells and the continued proliferation of the parasites. In a later publication 
Bennett [1932], places on record the occurrence of hyphae of Cryptocoocus far- 
eimmosns in a natural case of epizootic lymphangitis. The sxibject was an aged 
horse which had extensive lesions, covering practically the whole of its skin, 
extending to the nostrils and affecting the sub-maxillary lymph glands. In the 
lungs there was present a numixer of pea-like scattered nodixles, closely simulate 

glanders. In the sixiea-rs from the lung nodules, characteristic hyphae of 
the cryptococcus were encountered,* such as are formed in artificial cultures. 

History of the present case 

The clinical material on which this paper is based, was made available to 
this Institute through the courtesy of Major A. J. Kelly, R.A.V.C., Officer 
Gommanding, Military Veterinary Hospital, Jubbulpore, and at the outset the 
writer wishes to express his indebtedness to this officer for kind permission to 
utilise the material for the preparation of this article. 

Mule No. 122 of No. 28 A. T. Company was admitted to hospital on 12th 
Jfoyeinberg 1934 in fp^ir condition, but with tfee visible piucous m©?»ibranes very 
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aiiaoBiio. Helmintliiasls was sns])ected but the faocoB failed to bliow any worm 
OYa whih the blood count was found to be norniaL Diarrhoea started on 1st 
December^ 1084 and it persisted for a M’^eek, when the mule began to lose eontii- 
tiou. Diarrhoea started again on 15tii December, 1934 and persisted through- 
out iJie progress of the disease. The mule grew w^eakor day by day, being finally 
unable to rise. It was destroj^ed on 3rd January, 1935 by which time it had 
been reduced practically to a skeleton. In the hospital the animal had raceived 
the routine treatment against worms as adopted in Military Veterinary Hospitals 
in India. 

On post morUm examination, a few strongyles were found in the intestines. 
Portions of the bowels and a few mesenteric glands were sent to this Institute 
for examination. On enquiry, the infonnation was elicited that the mule had 
shown no cutaneous lesions, nor any \wimds or any cording of the lynqihatlcs 
on the skin. However, it had a history of a punctured foot and of a few days' 
treatment in hospital about two months prior to its rc-admissiem. 

' lAAnmkmm/ MxmiWA^icm. 

Macroscopml examination. — The spocimen of the iiitostinos, showed a few 
; .welbdeflnad^ circular iileem, 'with promiiicmt edg«?s and^ a Jug-out: erateJife 

; Fagged;^!^^ '..These ulcerB'ineasiired 'from ()*5''tD S'O' canv4n..dlainete.r.'' (Plate-. 
XI, Pig. I), A few* Binali nodular abscesses eontaming cheesy purulent material, 
were also seen on the mucosa, and on pressure some of these discharged a thin 
purulent material through a mixmte central hole. The mesenteric glands were 
distinctly enlarged, and were soft and elastic to feeh When out into, the entire 
gland parenchyma was found converted into a whitish Buppurating mass (Plate 
XI, Fig. 2). 

Microscopical emmimtimi. — Smears from the purulent material from abscesses 
and from the surfaces of ulcers, when stained by Gramms and Claudius^ method, 
revealed the presence of innumerable Gryptococmisfarcimimmis (Plate XI, Fig. 3). 
Direct wet smears of pus from the lesions, revealed on examination undtF a cover- 
glass the refractile double contoured outlines of the parasites (Plate XII, Fig. 4). 
The parasites had a slight ovoid body, one end being rounded while the other was 
generally pointed and measured S to 4 microns in length. In Btaiiu J preparations, 
some of the parasites were found collapsed and semilunar in appearance, due to 
the evacuation of the contained body fluid and presumably representing the 
remains of dead organisms. Some parasites were found to have taken the stain 
along the periphery only, leaving the central part unstained, while others were 
completely stained. In a few cases, the cell contents were found to be massed 
at one end of the oefi leaving 'iiie other jarfe cteaF, like %ll . other yeast celte^- 
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Fig. 1. Pieces of intestines showing ulcers on the mucosa, 


Fig. 2. Affected mesenteric glands showini 
cheese-like surface. 


Smear from the lesions showing 
CnfftoeoGcus farciminosus, X 800, 
(Stained Claudius). 
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PLATE XII 


Mill 








Fig. 4. Unstained wet pus smear showing the double contoured outlines of 
the parasites^ X 1000. 




Fig* 5. Sections of mesenteric gland showing giant cells containing numerous 
Oryptococci (H*E.) X 600. 
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the parasitcH mult iply hy a process of huddiiig and such division forms were not 
infrequent In the smears. 

Hishpathnhgij.~The lesion comnienceB in the lymph follicles of the infces-* 
tines where the cells are found with ingested parasites ; these latter then multi- 
ply and ]>ri«g about the rupture of the host cells. The parasites so liberated arc 
in turn pluigoeytosed or taken up by otl^er cells whieli also sliare the same 
fate. In this way an abscess is formed, surrounded by numerous large mono* 
nuclear cells tending to form giant cells. Thus giant cells in v'arious stages of 
formation are found around the central mass, which consists mainly of parasites 
and debris of degenerated lymphocytes. The organivsms are found in great 
abundance in the affected tissues both in intra and extra-ceilular positions, and 
their feint outlines are discernible even in sections stained by haemotoxylin and 
eosin (Plate XII, Fig. 5 and Plate XIII, Fig. 6). Individual cells are often loaded 
with as many as 10 to 30 parasites and in consequence they are doubled or trebled 
in their normal size. A group of parasites in a cel! often presents an external 
form suggestive of a mulberry. After the abscess has burst, the breaking down 
procesvs still continues at the borders and in this way the ulcer gets larger and 
deeper and new nodules continue to form at the periphery. 

One remarkable feature in this eondition is the entire absetice of hbrous 
tissue formation around the lesions, wdiich might have limited their extension to 
the neighbouring tissues. The lesions wherever they occur are structurally 
the same. The invaded tissues react by a proliferation of the connective tissue 
cells which tend to form giant colls and ingest the parasites, and an inflammatory 
abscess is thus formed. Three zones are recognizable in these lesions. The 
central zone consists entirely of parasites and the debris of broken down cells, 
the intermediate zone of mononuclear cells, and the outer zone of large endothelial 
cells and giant cells. In the central zone of the affected lymph glands the para- 
sites are found embedded in an amorphous matrix. In sections stained with 
haematoxylin and eosin, this central zone presents the appearance of a caseat- 
ing lesion with no evidence of cellular or nuclear elements. However, wdien 
stained for organisms, large masses of cryptococci are seen in this area. The 
parasites in the older abscesses are found to have lost their staining pro]>orties 
considerably. The pus-like material in these abscesses is formed by the death 
of the host cells and their subsequent softening, but no actual pus cells have 
been seen in the smears from this material. The giant cell reaction in the lesions 
would appear to be one of foreign body reaction, and in the absence of pyogenic 
organisms and pus cells the extensive necrosis and suppuration in the centre of 
the lesions are to be ascribed to the action of the cryptococci. The parasites 
liberated in fche evacuations of these intestinal ulcers are passed along the gut 
when they are phagocytosed and ingested by the cells in the other parts. Exten- 
sion of the disease to distal portions of the intestines is thus produced. The 
histological picture, in short, resembles caseating tuberculous lesions, though 
caseation is not a feature of equine tuberculosis. 
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' Myceuiah msMS ■ 

" ' The omirreiice ofjHyceliat forms' of the eryptoeocmis in pus 'smears from the 
'iesioBS of opkooMe" lympliaugitis luis, beeu roeordecl by Toldshige,, , Gronow ami 
■ Bemie'fctc ' In- the' ease mow imder reportj '^ the aifeeted , glaiids ;r^ 

pure ■yeast forms only but in ^sectfoiiB' of 'the mf6stiBaI\Aikersy short and long, 

' my oelial; forms were 'seen {Plate XTII, Fig, 7)f. The entTO absence of. any" other 
'miiero-organisniB'm these' sections precludes the possib.iIity .of tliese m3'celia!. forms 
■ ' being contaminants. On .the : other hand., ■ tlie' absence of mycelial ■' forms in. the ■ 
closed lesions of the lymphatic glands and their presence in thf^ open ulcers of the 
intestines only suggests that the relative oxygen supply may have Ikam a factor 
in the production of the luycelia. Though the statfunent of Castellani [1926], 
that the hyphae of the numibers of the family Crffplococcamie are little diiFercnt 
from their conidia in appearance, both licing \’oastdike in form suggests other- 
wise, long, delicate and filamentous mycelia have liecui seen in sections in the 
present instance, 

CULTUEE 

Although the morbid material was sent prc^scrviEl in If) |K*r <fcnt formalin, 
cultures wme attempted from i.he central portion of ihv larger ‘-sizcif mi‘Henttaic 
■ "' glands,, fo: aaeertain, .^if .;the .fommlin had ■nof penetKited into, tlii's. area, but . as ' was' 
expected' HD ;giowth:'was'''dbtain 0 ^ the cultural characteristies of 'the fongiis, 
could not be studied. 

v'^. ©ISOUSSION''. 

Although a good deal has been written on the subjoct of epizootic lymphan- 
gitis, there ia still no clear evidence as to the mode of infection and the mecha- 
nism of the spread of this disease. In the past, attention has been almost caitirely 
confined to the more frequent cutaneous form of the disease, and tlic rairrent 
belief has teen that the infection takes place through souk* pre-existing wound 
in the body. Infection of tlio mouth and lips has teiui said in occur as a result 
of an affected animal biting at ulocrn on the h'gs or oilier parts of tlm body. 

It would appear certain from the observations na'orihal hi this i^aper and 
from those in one or two other records that there are alternative modes of infec- 
tion as well. For instance in the pulmonary form recorded, by Bennett and others, 
inhalation has boon proved to be responsible for the infection ; whereas thc^ already 
oiled experieiiee of Bescazeaiix, who found crypotcocei in a* Hahrmiema' abseess 
■^■";;:;p;;:|}i0;^stbmach.;,0fd,dicfoi#stt|fermg;foofo^ 
lymphangitis, the oral route must have been responsible. 

Similarly in our Jubbulporo case, ingestion was evidently the mode of infec- 
tion. The worms found on posl mortem examination in the bowrels might have 
produced some in|uxi6s in the mucosa. The ingested Cryptocooci, during the 
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Fig. 6. Sections of intestines showing numerous intracellular cryptococc] 
seen as faint granules. (H.E.) X500. 


Fig. 7. Section of intestines showing long mycelial forms and numerous yeast 
forms. (Gram’s stain) X500X 
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ctovH’se of their passage through the bowels were evidently taken up by the pha- 
gocytes in the injured part. Tlnis once established, the lesions increased giving 
risc^. to infianiination, abscess formation and the subsequent chain of events 
iilri^ady described. From the intestinal lesions, the infection spread to the mesen- 
terie glands by way of the lymphatics. The punctured foot observed a few 
months before the animal was taken ill had apparently no relation with the causa- 
tion of this condition, for the reason that the parasites, even if they had been 
taken up through the puncture, could not have infected the bo'wels and mesen- 
teric glands prinmrijy to tlieiexclusion of the cutis and its lym|ihatics. 

That Rimciman and Harber observed eutaneous lesions appearing all of a 
sudden in enormous numbers in horses which had been ailing f or some time has 
been montioiied, and the primary seats of infection in such cases are no doubt 
in the internal organs. In such cases, it is possible that the organisms gain entry 
into the blood vessels, as often happens in amoebiasis, and are carried as emboli 
and deposited in all parts of the body. Their spread by way of the lymphatics 
could not have produced such an eiionnoiis crop of lesions all of a sudden to the 
exclusion of the numerous lymphatic glands, which act as filters and arrest the 
progress of the organismB. Hence spread by way of the blood stream appears 
to bo the only probalilo method but this requires confirmation. 

SUMMABY^ 

An account is given of an atypical form of epizootic lymphangitis affecting 
the intestines and mesenteric glands of a mule which died showing symptoms 
of enteritis. The condition was not diagnosed during the life due to the absence 
of any cutaneous manifestation and the animal was treated for worms, only. 
A short description is given of the clinical symptoms noticed during life and the 
icsions encountered on post morkm examination. A brief review is given of the 
relevant literature including that dealing with atypical forms of the disease. 
H!istopathology of the lesions and the microscopical features of the parasites 
are described. The methods of infection and spread of the lesions in this disease 
are also discussed. 
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Cutaneous myiasis, though common in the domesticated animals in India, 
has not, it would seem, attracted much attention from veterinary workers in this 
country. Some medical workers have recorded such conditions in man, but 
Patton [1921, 1922] appears to be the only one among them, who has published 
some notes on the Indian Calliphorinae which cause cutaneous myiasis in mm 
and animals. He records that Chrysomia bezziana Vill. is the cemmonest cause 
of such conditions. Besides this fly, which is an obligatory myiasis producer, 
he found larvae of Chryscmiia megact^Tiala Fabr. in the sores of three bovines, 
and those of Lucilia argyricejjJiala Maeq., in three other bovines in the Bombay 
Presidency. These two flies usually breed in dead meat, but may cause cutane*. 
ous myiasis though perhaps rarely. 

The writers obtained maggots both alive and preserved, from fly-blown 
sores of domesticated animals in this Presidency for one year, commencing from 
December 1934 to the end of November 1935. The live larvae were despatched 
from the districts in dry earth, and by the time they arrived in the Laboratory 
by post, they had pupated. The puparia were kept in suitable receptacles and the 
flies that hatched out were collected for study. In all, 404 specimens were received 
from different animals, each sample containing 10 to larvae. The study of 
these showed that 401 specimens were of Chrysomia bezziana and the other three 
of Lucilia argyricephala. The last three were obtained from bullocks, in two 
cases from sores on the neck and at the base of a loose horn of the third. These 
findings confirm the work of Patton, except in regard to myiasis caiised by 
Chrysomia megacephala. Some breeding experiments with Chrysomia bezziana, 
C, megacephala and Lucilia argyricephala were done in this Laboratory and it was 
found that Chrysomia bezziana is purely obligatory in wound whereas the other 
fjwp bred easily in dead moat. 

( 261 ) 
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The TircMt wt bo. made it possible to obtain some knowledge regarding 
tl.o LsoL prevalenee of these flies and the areas in wh.eb they abound m this 
Presidenev This knowledge may be iiaelnl in adopting measures to lesson the 
Sden« of onlaneons myiad. in animals or man in those areas, at oertam 

Beasons. : 


It is interesting to note that maggots of OSrpowun 6e«mna were reem-ed 
from so^ron fonr fowls and two sheep. The maggots from the Ws wore collect 
1 ( m the sores on the cloaca in all cases and came from fonr difieient localities 
l e^or another, .i., Dindignl. Cannanore. 

T t Lr and Hospet The first three were obtained in December and January 
^d“t S one in Le. The maggots from sheep c™e fan. Anakapalle and 
toMto both in Vis.gap.tam District. They were eolleetcd from a sore m the 

ear of on ^ hvfowls and sheep ha.s not been noticed 

faef^on record. 


0m 


TabIiK 1 


' BeglOBS of the Sores 
from wMch maggots 


Camels 

BoviiiCB 

Biiimioo? 

■were collected 
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Total 
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X’owls 

Total 

X 
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4 
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14 
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10 

2 

n 

2X 


404 




-In this table are laoluded tho Hitee bovlaes ftom whloh larvae of argmeephala were collected, 

I shows the species of animals and the situation of sores from which 

fe owtagt the fact that the majority of the Veterinary 
tee cLes, of animals. It would appear 
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Bainfall averages Number of specimens Names of X>i«t- 

riots.' . 


Agency 
ITains . 


Ganjam 


Agency 
Plains . 


i ViJ!agai)atam 


Agency 
Plains . 


Godavari East 


! Kistna 


Guntur 


Cuddappuh 

Kiirnool 

Bellary 

Auantapur 

Chittoor 

Cbingleput 

! 

I South Arcoti 
North Arcot 
Salem 
Coimbatore 
The Nilgiris 
Malabar 
South Kanara 
Taulore 
Triehinopoly 
Madura 
llaumaa. 
TiimevcIIy 


Table II shows the ayerage rainfall and the number of specimens received 
from each district. None was received from Godavari West, Nellore, Nilgiris 
•and Tinnevelly districts. The fluctuation in the number of specimens from each 
district may be due to lack of interest in those concerned in collecting specimens. 
Hence it is difficult to say which of the districts has a larger incidence, hut as one 
would expect, a large proportion of the specimens was received from South 
Kanara and Malabar on the West Coast where rainfall and humidity is great, 
and a small number from dry districts like Anantap-ur. 
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Hirmliei* otda^m by tbo |.Hiparl.tt to liateii 


Karaes:oi''' moiifcte 


Becemte 1934 
January 1935 ■ ’ . 
February 1035 
March 1935 
April 1035 
May 1935 
Jane 1035 
July 1935 
Attgnsfe 3935 . 
September f 935 
October i935 
Kovembcr 103v5 


Table III showS' tlie'avemge^i^ daye taken by the piiparia to hatch - out 

flies during the respective ra on tlis of tljo year, J’t is seen tlia-t from September 
tO’ 'February's which is the cooler half of the year in Miidras, .the* average time 
taken ::by, the puparia to hatch is 8 days, . In the? months of March, Apiilv July 
and August the time talion was seven 'days whereas, in the. inontlis 'of M'ay and' 
June which arc the hottest inontlis, none halched. It %vas observed iimt the 
number of flies that hatf^luM] out tami tlte impaiia def*reased gmdna-lly from 
February to April and began t<^ in<*reasc^ from July, During the inoidhs of 
December and January , over flu per vin\i tJ the puparia Wiuv prothicDve., 


Humbet bf speiUbwuR'tecftiveA 


December 1934 
January 1935 
Febrnary 1935 
March 1935 
Aprja 1935 . 
May 1935 . 

June 1935 . 
My 1936 . 
Aiigasfe 1986 
September 1935 
October 1935 
November 1935 


Table IV shows the number of specinuax^ received erieh inoiith. ciunmcncing 
from December 1034 to the end of November 3035. Her<‘ again, there are fa(rtnrs 
which prevent one from arriving at any definite coneluBion regarding seasonal 
ineidenco of the flies. Hence, with a c<udain amount of res<un'<s one ivonhl ven- 
ture to say that the large number of spoenhnens received from Decern bm' to tlu' end 
of March probably indicates tliis as the optiinnm Beason for (L hezzimia. The 
fall in the number of specimens during the hot season may bo attributed to less 
flies hatching out of the piiparia. Ferluips this m a natural control agaiuHt over- 
popuMtion of C. beznawu It would seem, therefore, that cutaneous myiasis in 
animals in this Presidency prevails mostly during the cool season of the year. 
The present work makes ns believe that no “ sheep maggot fly {Lueilki mricMia) 
exists in this Presideney. The maggots rooaived from the two sheep referred 
to were of Ohrpomm btzziam. 
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tliere is apotlxer class of flies (Oestridae) whic]i prodiiees niyiasis in the nasal 
chambers/ stomach and intestines of animals, these aie Oe^ ovLs, Gastro^Mlm 
eqtti B>nd CobbokUa eJephantis, the larvae of which are received here for identic 
fication, from time to time, from sheep, horses and eleidiants respectively in this 
Presidency. So far no larvae of H^podemm bovis or of /i, lineaki have been 
recorded from indigenous bovines of this province. There are two instances 
of larvae of Eypodenna species being removed from a Tibetan yak and from .some 
imported horses at Ootaeamund, and sent here for identification. These animals 
evidently were infested with the larvae before arrival in South India. Oestrus 
ovis on the other hand seems to be fairly common here. 

It is interesting to record that, recently, a sample of fresh faeces containing 
a large number of maggots was brought to this Laboratory with the histoiy that 
they w^ere passed by a thorough-bred race horse. The maggots pupated wdthin 
24 hours after their arrival and a large number oi Musca iiebulo were hatched 
out of the piiparia. If the history is coirect, it would appear that these maggots 
which may have been accidentally ingested by the horse, passed through the 
intestinal canal without any damage to themselves. A few' years ago a sample 
of faeces containing maggots, passed by a hound, was received from Khallikote. 
The hound had severe diarrhoea at the time. The maggots w-ere received dead, 
and they resembled those of Musca mhulo. It would seem, therefore, that the 
larvae oi Musca nebulo can cause accidental intestmal myiasis in onimais, 

; / ,■ -Summaby''' 

L The most common cause of cutaneous myiasis in animals incinding fowls 
and sheep is OJmjsomia bezziana. On three occasions only maggots of Lncilia 
ar( 7 ?/nccjpMa were obtained from sores on bovines, 

2. Sheep maggot fly {Lucilia serkata) and Hypodorma species have not 
been recorded in this province. 

3. The possibility of the larvae of Musca nebulo causing accidental intestinal 
myiasis is recorded. 
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8EGEEfI0¥:rAHB''^'C0M OE. EABOTIB SALIVA m 

BUFFALOES ■ , : V 


:■; Glmkal-Assistmit^^DepwMie^^^^ of MmUcine.'Pimjab FMerinmi^ ChU&je, Mlmre.- : 

;:’ [Received for irabls^atioii on IStF flaiioar^'J^ ■' 

'■.■.'Most of tdie viwk- on seerotioB composition of 'salmi' lias bean; dona' on 
the dog, although some work has been dona on the ho.-se, ox% sheep, goat and 
pig'p but'coiifcroTei’By Btlll exists on certain points. ■ Ko attempt, lunvevar, appears 
tn have been made on the buffalo. It will, therefore, be not without interest to 
r'reeord.some eK|Hniments,mado cm 

''yV;;V;; ;.Peo0EB0E1 ; 

(a) All oxiieriiiieiits were eonducted on a buftalo«cjow iviih a salivary fistula 
of the left parotid duct. 

(5) The animal was, in each ease, secured in stocks and the In^iul kept in a. 
fixed position to ensure uniform How of saliva. 

(e) All injections were made subcutaneously. 

(d) The f|uantity of saliva ineiitiomxl in the text was i*<d!ecfed in live minutes^ 
time for all experiments. 

(e) Saliva for the examination of the physical character and composition " 
was collected before the injection of drugs from the parotid gland in a resting 
state. 

It is not essential that the food should outer the mouth to cause tlio flow 
of saliva. The sight or odour or even the thought of fcHKl, pr< »vld<xl the individual 
lie ’hungry, calls forth salivary secretion ; the mouth is said to water. Pavlov ' 
[1910] has exienaively Htudled the psychic Balivary secretion in the dog, and 
has shown that the sight of meat calls forth a ni^rlngy saliva from the submiaxilhiry '; ' 
and aublingual but none from the parotid, whereas the sight of dry meat powder 
or bread calls forth an abundant secretion of parotid saKva, Ckdin [1871] states 
that in herbivora the secretion of saliva m iminfluencod by the sight or smell of 
the foods. Seheunert and Traiitmaim [1921] remark that psychic secretion is 
slight in sheep, and it is probable that it is small or absent in all herbivora. 

It appears from the experiments made on the buffalo that slight psychic 
reflex exists, but it is not as much developed as in the dog. The sight of food 
slightly increa^d the outflow of parotid s^va from 30 mis* to 36 mk. 


■ doMPOSITiON OF .: ^ 26? 

The animal with salivary fistula of the pai’otid duct was fed on green grass. 
The quantity of saliva collected during mastication %vas 42 mis., but when animal 
was fed on dry bfioosa there was a copious flow of saliva measuring 102 mis. The 
character of idie food appears to play an important role on the parotid secretion, 
aiid dry food excite>s production of a larger quantity of saliva. 

Action ov DBiTGS 

Two grains of pilocarpine nitrate and a grain and a half of arecoline hydro- 
bromide were injected at an interval of 24 hours between each. They produced 
a copious flow of saliva five minutes after injection. Atropine is an antagonistio 
to pilocarpine, and v lien injeoted in one-graiii dose it markedly reduced the secre- 
tion. The action of the drugs on the parotid secretion is shown in the following 
table : — • 


Table I 


, . Drug 

Quantity of saliva collected for a period of 5 mimites 

Control 

5 mins, 
after the 
injection 

: 15 mins, 
after the 
injection 

25 mins, 
after the 
injection 

35 mins, 
after the 
injeotioix 

Pilocarpine nitrate 

Arecoline hydrobromide 
Atropine sulphate 

Mis.; ^ 

35 

, 32 ' 

30 

i 

-Mis. 

132 

115 

14 

Mis. 

135 

112 

12 

■| 

■ ■■■■,,■ 1 

Mis. 

135 

114 

10 

Mis, 

134 

110 

10 


• Pilocarpine stimulates the parasympathetic nerve endings and thus an exces- 
sive secretion is produced. Atropine on the other hand paralyses the termina- 
tions of the secretory fibres of the chorda tympani and reduces or inhibits secretion* 
This is not due to any action on the salivary cells, but to the failure of nerve 
impulses. Pilocarpine injected after a large dose of atropine failed to produce 
excessive secretion. 

Physical ohakacteb anp composition 

The saliva was clear, colourless, watery and translucent, having a specific 
gravity of 1008. The reaction was alkaline and the pH. was 8*8, which was 
determined by the use of the colorimetric method. 


csnKtra finn'f.n.'tn All nrt. WIIATH. Knt a small cniantitv of Drotein was •Dresent. 
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TM^smd 'paMs'hji t^m^ salha emt-kiin 




The ros^ults of cheinicmr analysis of the in organic oouBtitiieiits are giYan in 
the following table. 


Thousand parts hy welyM of saliva contain 


Hodium. 

Eod iTaia ■ ' ■ '.MagiiCBi nm ' ■ ' Fofcasal iiin , as- ejilo- 

rides 


Ealiva 


Parotid glaiui 


'■ Total ohlorM^^ iMiddAosphates, 3*09'0 wera^pr^^^^ 

in 1,000 parts of saliva by weight. 

Ptyalin is an amylolytie enzyme present in the saliva of man and in some 
i-domesticated '■ it:, Is :'€apat>le- of yecmverting :■ etech into •ciextrm 'and mal*;'- 

tose. 

Ellenberger states that both the parotid and snb-maxillary sectrcdions of 
horse and ox can convert starch ixxlo sugar. Hmilii [189(1] nays that in all domestixj 
animais the parotid saliva possesses the highest degree of amylolytie pcnver. In 
ruminants the diaetatic acdioii of saliva is aboxit the same as that of the horses. 
Schwarz and Steinmetzer [1924] say that the saliva of ox containn no amylase. 
Palmer [1919] states that the amount of ptyalin prescmt in the saliva of the ox 
is insignificant. 

Prom the review of the literature it is concluded that there is a difference 
of opinion about the presence of ptyahn in the saliva of nuninants. 

the presence of ptyalin in the parotid saliva of the buffalo was studied by 
Evans’ method, and it was observed that the starch was neither converted into 
erythrodextrin nor into maltose when subjected to the action of the parotid saliva 


■ Saliva' 

^ 'Water .. 

Totid 

I Organic 

Inorganb'.'-. 



solids 

matter 

■ matter ^ ■ 

Parotid saliva . . * , 

■ 991*5 

8*5 

“ ' 1*1' : 

(PS 
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I'; 
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Further experiments were conducted to determine whether the parotid saliva 
of the buffalo contained a very small quantity of ptyalin, which may require a 
longer time to exert its action on the starch. Both boiled and uiiboifed solutions 
of starch w^ere mixed with an equal quantity of saliva in two separate tubes and 
allowed to remain at 38® C. for two hours. At the end of this period neither ery- 
throdextrin nor maltose could be detected in either of the lubes. The solutions 
were allowed to remain at room temperature for 24 hours in presence of toluene 
but the starch remained unchanged. The experiments were repeated several 
times with identical results. It can reasonably be coneiuded from, these experi- 
ments that ptyalin is absent in the parotid saliva of the biiffirlo. 
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mm Hates XIV---XIX and three text-figs.) 

Introduction.— Minont all the cliaraeters that 
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qualities, built up by small variations, constantly being added to according to the 
environment of the aninAal, and the fomiation of varieties, freaks, and fancy points 
X-)roduced. by the mutation of genes already formed by the other process. 


To illustrate the theories outlined above, I propose, in the short space avaih 
able, to give a few examples, A concrete example may be given from the horse, 
which although not among the meat-producing animals in Great Britain is closely 
related to them. The evolution in the skeleton (Fig. 1 , Plate XIV) has followed 
a definite and uniform course of changes, consisting in the main of a progressive 
lengthening of the limb bones in relation to cranium size. Tliis evolution has not 
been broken by a number of sharp changes, such as mutations affecting different 
parts of the body independently ; for example, no sbortened limb bones, such as 
those which occur in the Dachshund dog (and also occasionally in the 
horse) and behave as Mendelian recessives, come in the series. These 
things are mutations that may easily be picked out by man and bred to 
form fancy strains, but they play no real part either in natural evolution or 
in the development of the proportions of the body in commercial meat- 
production. These mutations do not, as a rule, form intermediates when bred to 
the normal type, whereas when two different developed ^ types are crossed, all 
gradations between them may be obtained. In the horse (see Plate XIV) the 
different types of conformation are magnifications (light horses) or extensions 
(heavy horses) of the gradual cbaiiges which have taken place during the course 
of evolution. 


Oatfle (beef mid veal ), — Beef qualities, i.e., a high proportion of the best joints 
(loin) and a low proportion of the offal parts (head and legs), are developmental 
characters, and change in their proportions as the animal grows up (Fig. 2, Plate 
XV). The head and legs are proportionally large in the calf, and as the beef quali- 
ties develop they become proportionally smaller, and the loin becomes proportion- 
ally larger. For the full expression of these developmental characters, a high 
plane of nutrition is necessary, for, if it is not available, the later maturing and 
more valuable parts are not developed and the form of the animal approaches 
that of the unimproved type in wdiich the head and legs are large and the loin 
poorly developed (see Plate XV). If selection is made under jioor conditions of 
nutrition, therefore, we <;annot distinguish so well between the one which is poor in 
conformation due to lack of genetic improvement, and the one ’which is genetically 
improved but fails to develop its body proportions because of lack of nutrition. 
All the best breeds of beef cattle (Aberdeen-Angus, Shorthorn, Hereford) have been 
developed in areas of good nutrition, and herds in poor nutrition (range) areas 
become degenerate from a moat point of view, unless they are kept constantly 
supplied with breeding-stock which has been selected in the areas of high nutrition. 

When we consider the different breeds of cattle from the standpoint of the 
development of body proportions for meat (Fig. 3, Plate XVI), it will he seen that 


272;" THB'IOTIAK JOUENAL OF VKTEiU'NAEy SCiENCB AKD. ANIMAL .HlT8BAXXUi¥ '[VI, III 

they can be p^t in a Bcrics aecordmg to the rate and extent to which these propor- 
tions arc doTeloped. A beef Shorthorn bull 14 months old. is as well deireloped. 
in its proportions for meat as an adult Friesian boll 5| years old, and the extent ' 
to. which it derelops eventually is far in excess of any tldog found in the dairy , 
breeds. The dircetive influence of jnan% selection is seen in the way in which 
stocks having a difterent origiii’--s\ich as the Alierdeen- Angus and the Shorthorn— 
■approach one- another in eonfornmtion for beef purposes (and Friesians iiiid Dairy 
■Shorthorns'' for/ milk ■■ pm^po'ses), whilst stocks with a coinmoii 'Oiig.m— such aS' 

■' the Bhortliorn— have, 'developed different types when bred for different 'purposes,' , 
■ such as beef and (see ' Hate XVI) ,' 

Of quite another nature genetically, and in no way dependent on enwon- 
mental and nutritional conditions, is the * Doppeflpndi r ’ calf, wliieh is so much 
valued for veal on the Continent (Fig. 4, FL XVII). It consists of a doubling of 
the muscles of the loin and hind quarters, and lias arisen a>s a mutation in 
several Continental breeds of cattle, in wldch it is earriccl on In the hetcrozygouB 
condition, for the femalcb are sterile. It Is a simple ree(»ssive and forms no 
blend in crossing as do the developmental charaders. It cannot, therefore, be 
•used to improve other stocks in ilie same way that Aberdccui-'Angus biills^are 
used to introduce an iniproved eonibrmation ami lief quality wlien matcHi to 
ooarBo-boned and ill-proportioned cows. 

The colour of the body-fat In catth? is a multiple-factor genetic 
character ; all shades of colour exist from a very pale yc^llow {which is 
desired by the butihcu') to a d(Kq> yellow (which is desixcHl by the brt'cdex of dairy 
cattle). The expression of this character is dependent on the amount of the 
xanthophyli pigments of plants in the food, and if these arcj absent tiie fat bo€om(‘s 
white, no matter what the genetic constitution is. In selecting for this character 
the breeders of dairy cattle feed plenty of greenstuff and pick out those cows 
which give the deepest yellow tint. Variability curves (by Whotliam) for tlie 
colour of the butter-fat in tlii^ different breeds of cattle at the laitulon Ihiiry iShow 
are showu in the next figure (Fig. 5, p. 274), Tliis is a ease where a definite envi- 
ronment of food-supply is neeossary liefore Boleetion can !x^ made for the genetic 
character concerned. 

Sh&Bp {mniton and Zam?>).— As with bocf, the genetic charaotors for mutton 
and lamb are all * developmental ^ ones, and in Great Britain there exists a com- 
plete range of types from those possessing early maturing qualities (that is, a quick 
change in the proportions of the body), and suitable for killing as lamb, to those 
with a slow change in proportions, which are more suited to mutton-production. 
These characters are not firmly fixed, however, and may be modified in any one 
breed by the methods of feeding and management adopted. During growth, the 
tissues of the body develop in a definite order — ^bone, muscle, and then fat. The 
" proportional development of these tissues varies considerably in different breeds ; 
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this, for example, may bo illustrated by the following ayerage fat-measurements 
of the loins (Fig. 6, Plate XVII) of carcasses at Smithfleld Show (Fig. 7 — by 
Hirzel, p. 275). Fmt crosses are intermediate between parents in this respect, 
and there is no dominance or recessiveness of such developmental characters* 

On the other hand, an alteration of the proportions of the body broiiglit about 
by a mutation (and not of a developmental character), such as that of the short 
legs of the Ancon sheep (Fig. 8, Plate XVIII), behaves as a recessive segregating 
character, and does not blend with all gradations as do the developmental charac* 
ters. The developmental characters must always be represented by a variability 
curve, and never as a fixed point, as the mutations can be* Improvement of the 
environment and selection of the animals at the upper end of the curve, for the 
curve shifts upwards as the result of environmental changes, are the best means 
of effecting improvements for early maturity. 

F^gs (bacon f porJc and Zare?).— Local feed conditions have supplied the environ- 
ment in which the different types of jugs have been evolved* For example, in th© 
maize-producing areas of Hungary and Boumania, the Mangalicza pig has been 
developed for fat-production ; this pig has only a small clevelopment of bone and 
muscle, but the back fat, which it is bred for, reaches, in a good average pig of 
390 lb, live-weight, a thickness of 5 in. at the shoulder and 4 iii* at the loin. In 
the corn-belt of America, too, the Poland-Chma breed developed in the same 
way (Fig, 9, Plato XVHI) but the type within the breed has been changed in recent 
years (owing to the lack of demand for lard) by sMection, and the much greater 
use of proteins in the ration, tinder the feeding conditions existing in Denmark 
(skim milk andnereals), the bacon pig (in which a carcass of 150 ib., thick in lean, 
and with only a moderate amount of fat, is required) has reached its highest 
development. Progeny test of growth and carcass quality, made under feeding 
conditions that stimulate the characters required, are the moans whereby this has 
been acliievod. It has been a directed evolution of commercial quahties by the 
accumulation of small increases (as the progeny tests of their boars show), and not 
by the appearance of sudden large mutations. For pork (where a large development 
of the muscle at a low carcass weight — 70 lbs. — is required), it is in environments 
supplying a ration high in protein that the highest perfection is attained. New 
Zealand, for example, with its large supply of skim milk and meat meal is produc- 
ing this type of pig to perfection from breeds as diverse as the Berkshire, Large 
White, and Tamworth (see Fig. 10, Plate XIX). The high-protein and low-carbo- 
hydrate feed leads to the development of the muscle and limits the fat to the pro. 
portions required by the consumer, whereas under our conditions of high-carbo- 
hydrate feeding the differences in fatness between these breeds would be very 
marked. In general, the degree of fixity of the commercial character will depend 
on the order of its development in the animal ; thus bone, which develops first, jb 
more difficult to modify the local feeding condition thian is fat, which 
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ScHi'feli Devon 


O'^eriisey 


BUTTER FAT 


ilorsey 


COLOURS 


Hortli Devon 


Fiiosiafi' 


DAIRY SHOW 


Sliortliora 


1923/32 


A.yrsliir0 


Doxtor 


.Kerry 


Fig. 5. (From Whetlmm— paper in preparation.) 
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Welsli 
BlacHaeed 
Cheviot 
Eyelaiid X Cheviot 
Suffolk X Southdown 
Kent 

SiifiEolk X Cheviot 
Southdown X Suffolk 
Southdown X Welsh 
Soutlidown X Cheviot 
Sufiolk 
Kerry Hill 
Hampshire 
Southdown 
Southdown X SnS.-Chev. 
Southdown X Kent. 
Dorset Down 
Southdown X Doi’set down 
Leicester 
Byeland 


Standard 


S mm< 


Fig. 7, (From Hirzel — ^paper in preparation.) 


MMtmrmmnts of Fat over the loin in different Breeds and Crosses of Sheep at Smith- 
field Show.'--Fov position of measurement see Fig. 6, Plate XVII. Tho measurements 
are shown as — or + the optimum measurement (8 mm.) desired by the public, and 
arc breed averages over a number of years. Approximate age of carcasses — 9 moiitlis. 


develops last. TIio developmental meat characters of the animal are 
genetically fixed only in relation to a certain environment. Conversely, If we 
wish to develop a certain character in our stock, we must carry onr selection for 
that character in a suitable environment , if we are to be successful 


General conclusions , — Since the genetic characters concerned in meat-produc- 
tion are so dependent for their expression on the environment, especially nutrition 
(and are mostly of a developmental character), our best means of directive improve- 
ment is selection (by progeny tests) in a suitable environment, that is, one which 
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stimtilates the dewlopiuent of file charaeter in question. The further develop, 
ment of these eonnnerdal quality's in onr anitnals dcpc'iids, like the ‘civilization 
qiiaHties’ in man, on the creation of a tetter environment for the development 
of tho characters concerned. 
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Fig. 1. THE CHANGES IN THE PEOPOETIONS OF THE 
HOESE IN DEVELOPMENT AND DUEING 
EVOLUTION 


In ordcn' to show the changes in proportions, all the photo- 
graphs have been reproduced to the same cranium size (eye to ear 
length). The changes in proportions during embryonic life parallel 
those which have taken place during evolution. 

Reading from left to right : 

Top line : Evolution — ( a) Eohippus ; {h) Mesohippus ; (c) Mery- 
ehippus ; (d) Equiis (Arab). 

Second line : Development (Welsh Pony)— (c) 3 months ; (/) 5 
months ; (g) 7 months ; (h) 10 months. 

Third line : Development (Welsh Pony) — (i) 11 months; (j) 2 
weeks after birth ; (k) 9 weeks after birth ; (1) adult. 

Bottom line : Evolution— (m) Light Horse (Thoroiighbred—St. 
Simon) ; (n) Heavy Horse (Suhblk — Wedgwood). 

{From Hammond^ ^Actes^ 16^ Cong. Infernat. 
A^ric.jBudapestyl934.) 




PLATE XV. 


& Anim. Hus, 


CHANGES IN THE PROPORTIONS OF THE BODY IN 
HEREFORD CATTLE 


In order to show changes in body proportions, as distinct 
from size, the photographs have all been reduced to the same height 
at the shoulders, so that the proportions are shown in relation to 
this measurement. 

IL Heifer — 2 days old. 1. Heifer — 2 days old. 

12. Steer — 30 months old (reared 2. Bull — 5 weeks old. 

on low plane of nutrition). 

13. Steer — 11 months old (reared 3. Bull — 13 months old. 

on high plane of nutrition). 

14. Steer — 22 months old (reared 4. Bull— -22 months old. 

on high phme of nutrition). 

15. Bull— adiilh— type existing 5. Bull — 5 years old. 

100 years ago. 

{Fmn Hmnmondy 'AckSf W C&ng, bhtemai. F Agric.,, Buharesi^' 1929) 
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Fin 3 PROPORTIONS AND AGE CHANGES IN BULLS OF 
DIFFERENT BREEDS 


1st Prize Bulls at the Royal Agricultural Show, Manchester, 1930 ; 

Convergent 


Evolution 


Milk 

Friesian 


I Divergent j 
Milk <-Evoliition-> Beef 


Beef 


Dairy Shorthorn ^oef Shorthorn Aberdeen Angus 


(a) 12 montks 


(b) 18 months 

(c) 21 „ 

(d) 25 „ 

(e) 5-| years 


(f) 12 months 

W 13 „ 

(h) 16 

(i) 22 „ 


(i) ^ years 


(Ic) 10 months 

( l ) U ,, 

(m) 16 

(n) 26 ,, 

(o) 28 „ 

(p) H years 


(q) 19 months 

{r) 31 

(s) 5 1 years 


{Photographs all reduced to the saMC shoulder-height,) 
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PLATE XVII 


Sci. & Anim. Hus. 




C'VRCASS OF A ‘DOPPELLENDER 
VEAL CALF 

11 weeks old. Weight 3B7 lb. 

(From Herter and Wilsdorf, ‘Arbeit deut 
Lamlw.-GeseU: ; H. 206, BerUn, 1912). 


To show where the iat-measuremenrs given 
in Fig. 7 were taken— at the narrowest part 
over the ‘eye’ muscle. The three carcasses 
illustrate : 

Top : A carca.ss with too little fat and an 
insufficient thickness of ‘eye’ muscle. 

Middle : A carcass which has the propor- 
tions of fat and muscle required by the 


A carcass in which the fat is much 




PLATE XVIII 


Fig. 8. 

THE ANCON SHEEP 


The shortened legs are a 
recessive mutation and do 
not give intermediates on 
crossing with the long-legged 
type, as occurs when a breed 
with ‘developed’ short legs 
(such as the Southdown) is 
crossed with a long-legged 
type. 

[From, Wriedi, 'Heredity in 
Live Stock', London, 1930.) 


Fig. 9. CHANGES MADE IN THE 
POLAND-CHINA PIG WHEN 
THE DEMAND FOE LARD 
DECREASED 


All the photographs liave been 
reduced to the same shoulder-height 
to show changes in proportions as 
distinct from size. The breed has 
been changed by selection in the 
direction of later maturity, i.e., with 
more bone -and muscle- growth and 
less fat. These successive changes 
are the reverse of the changes which 
occur as the pig grows up. This has 
been attended with increase in 
actual size. 




Fici 10 OUTR THKOUGH THE LEGS AND LOINS OF NEW ZEALAND 
PORKERS OF DIFFERENT BREEDS AND CROSSES 

Nos, 46, 67, and 68 : Large White X Tamwortli ; carcass weight, 71, 65, 74 lb. 
No. 52 ; Tamworthx Large IVhite ; carcass weight, 72 lb. 

No. 70 : Large White ; carcass weight, 70 lb. 

No. 16 ; Berkshire ; carcass weight, 72 lb. 

Note on the loins the thickness of the ‘eye’ muscle, the uniformity and 
thinness of the fat over the ‘eye’ muscle, and the thickness and well- 
developed lean meat of the ‘streak’. 

(From photographs tahenfor tJts Bepartment of ScL and Ind. Research, Wellington, 

New Zealand.) 








THE INHERITANCE OP PRODUCTIVITY IN FARM 

A, D. BUCHANAN SMITH 
{Imiikiie of Animal Genetics, Wiiversity of Edinhurgh). 

Can the science of genetics oifer reasonable help to the live-stock prodticer ? 
If so, then by what means ? In this paper it fails to ino to deal with these two 
questions from the point of view of milk-production in cattle* 

Before the scientist can tackle any problems he must be able to weigh or 
to measure that with wdiich he is dealing. Both quantity and quality 
must be asseased. Thus genetical experiment in resj)ect of eggs and milk is much 
easier than it is in the case of meat. 

As Dr. Hammond has so clearly stated, it is essential to be able to discriminate 
Ijetween the factors aifecting the productivity of an animal tliat are due to cnviron- 
jrnent, nutrition, management, disease, etc., from those factors that are genetic. 
The difficulty of doing so is one of the rocks upon which the barque of the geneticist 
is most likely to founder \ and the task is further complicated because attempts to 
correct for environmental and other variations are likely to maslc a genetic factor. 
For instance, Mackintosh [1] has recently shown that, where it is necessary, for 
comparison, to correct tlie first Jactation-yield of dairy cattle, the correction factors 
employed often work reasonably well, but that in the case of one group of cow's 
they were very far out. 

Up till now, about 400 papers have been written dealing principally with 
some aspect of the inheritance of milk-yield. Some useful mformation has been 
obtained, hut that source is now becoming exhausted, and I think that any future 
information of scientific value regarding the inheritance of yield and quality of 
milk mil be obtained only by deliberate experunontation. By deliberate experi- 
mentation I mean the control of environment and nutrition to the greatest possible 
extent, so that, although the production of one generation takes place many years 
after the production of that ancestral generation with which it is to be compared, 
the comparison may be as straightforward as possible and with the minimum use 
of correction factors. 

The need for this has been recognized by Dr. Graves and those in charge of 
the experiments conducted by the Bureau of Dairy Industry of the United States 
Department of Agriculture, and Dr* Lush informs me that several of the State 
agricultural experiment stations, such as Illinois and Nebraska, have now also 
laid down similar experiments with dairy cattle. This principle forms the basis 
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of the experimental ’Rwk that ira arc eondiieting with ilairy cattle and pigs at 
the experimental farm.s of the InKt itnte of iVnimal (Jenetifs. The method adopted 
is to do our ntmost to secure a unifom system of management and nutrition over 
a long period of years. There is no ‘ deliherate ’ experimentation. Results are 
being measured continuously. So far as 1 am aAvare, nowhere else is this principle 
of holding environment, etc., reasonably constant being employed for dairy cattle. 
Yet it is precisely the, same principle as that employed, though not for genetic 
purposes, by the most venerable of all agiacultural researeh institutes. The 
‘ classical ’ fields at Rothamsted, where certsun plots have been under the same 
treatment for ninety years, form an excellent example of this method of passive 
research. 

Already, and without the results of this planned and yet paasive research, 
there is information of undoubted value, of which perhaps the most important 
is that quantity of milk is transmitted t o a great extent independently of quality 
as measured by fat-yicid, Butmauy of the other lesults are still open to question. 
The problems that are now being tackled are not so much the determination of Iho 
number of genetic factors concerned in the transmission of total yield as the analysis 
of particular aspects of total yield, e.ff., persistency of lactation. The various 
characteristics of the lactation must be considered in relation to eaeh other. 



I 

I 


In other words, wo are not so much concerned with didermining the number 
of genetic factors involved, as with analysing the lactation curve of individual 
animals under a standard environment. (To ensure this, the greater number of 
the calvings occur in tw'o months of the yeer.) Two cows maj’ give the same 
yield of milk, but the one may give that yield in 200 days whereas the other fakes 
300 ; or the two cow's may give the same yields in the same time hut yet have, 
widely different lactation-curves. The«, therefore, must be studied vith refer- 
ence to the various qualities of the milk, amount of fat, sugar, protein, and natural 
minerals, as well as the colour, and size of fat-globule, etc., nor must the question 
of the relative weights of the cows be ignored both before and after tlm laetotion. 
And all these are peculiarities concerning whirii we ean already truce the workings 
of heredity. It is of fundamental importance to understand (he action of these 
characteristics and their reaction on one another. 




Thus it is small wonder that simple selection by the mating of the best to the 
best gives a large proportion of disappointing results. One cow may yield 2,000 
gallom for one set of genetic reasons, whereas another cow will aecomplish the 
same yield while possessing a very different constitution. There is, therefore, 
need for analysis. 

K<WBQT«/3fwrch of this mture will certainly discover whether abnormal 
modes of inheritance are operating, or whether quantity is simply a matter of 
multiple feetos. These abnormal modes include such things as sex-linked 
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factors, and those combiBatiohs of genes which act as inhibitors of yield. The 
existence of such modes of inheritance can easily slow down progress by simple 
selection, ': ' ■ , 

Further, ecmiomic production may actually be best obtained wlien genes are 
in the heterozygous state. Personally, I do not think that this is the ease in 
milk-production, though there are strong grounds for belie\dng it to hold good for 
meat-production. In any ease this is obviously a point that must be definitely 
ascertained : the required knowledge can only come from experiment. 

A further point is to find out w^hether certain combinations of characters, 
desirable from the standpoint of the practical breeder, are genetically possible. 
For instance, certain breeders desire cow’^s giving 3,000 gallons of milk with 5 per 
cent butter-fat. The analysis-stage might conceivably show this to be as impos- 
sible as the desire of other cattle-breeders to establish a roan-coloured breed, roan 
being a heterozygote of red and white. 

A definite by-product of this type of investigation is that it enables a correla- 
tion to be made between the genetical and physiological factors affecting milk- 
production. No gene ever works directly on the character. Manifestation of 
the character follows some reaction of the anatomical or physiological structure. 
Inasmuch as this type of experiment proYide>s wkat may be called the ^ genetic 
jdeld these yields may be correlated to certain post-mortem findings, e.g,, to the 
size of the organs of internal secretion. Tbe maintenance of a licrd for genetic 
experiment thus provides the ideal material for research into the physiology of 
mill^-secretion. 

It is thus fundamental that, in applying the science of genetics to the complex 
problems of milk-production, the various genetic factors first be analysed. There 
can be no shadow- of doubt that analysis is the pre-requisite of synthesis. Mean- 
while, patience must be exercised by those who w^ould question the value of the 
' application of the science of genetics. Romo weiB not built in a day, and the 
Romans built with stone and not with cattle that require nine months to 
conceive and a further three years to produce. 

With commendable reserve the United States Department of Agriculture 
[2] published only last year the results of the fii’st planned experiment on the 
inheritance of milk-yield. It was a simple problem dealing with inbreeding. 
The experiment was begun in 1908, a quarter of a century previously. It has now 
been incorporated with a bigger experiment started about fifteen years ago, the 
results of w’hich, I believe, will cause surprise to those who decry genetical experi- 
mentation with cattle on account of the slow rate of reproduction. 

It can, therefore, be stated with some confidence that we now see our way 
round the Scylla of the disentanglement of the genetic factors. This does in part 
answer the question, but not wholly, for on the other side of the genetic ship 

K 
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looms up the Chary bdis of the likelihood tliat the analysis will reveal so many 
genetic factors interacting with each other as to make tlie synthesis of the prohlam 
in its practical application almost an imposBibility* An adequate reply to the 
opening questions of this paper demands the discnsBion of this point* 

To those ivho haYe time to rojSiectj the practical outcome of the work of the 
plant-geneticist is little short of amazing. For many crops he has managed to 
make two blades grow where none could grow before. We» animal geneticists, 
have good cause for envy, and it is ■well that should point out that this cause 
Kes not merely in the greater rate with which one generation of agricultural plants 
succeeds another and the large poptilations which can be conveniently raised, but 
also in the fact that the productivity of a plant is, as a rule, infinitely more easy 
to measure and to assess than is the productivity of an animal. 

The problem of an increase in the piodiictivity of our live stock — and the 
maintenance of that increase— is not so simple as, sa^L the problem of an increased 
yield in make. Let me refer to the work of Winter [3], which has been recently 
the subject of some discussion. To quote * Student’ [4], Winter ‘ succeeded, by 
continuous mass selection, in producing two races of maize one of which has more 
than twice, and the other less than one-third, the normal oiheontent ‘The 
movements of the means -were, respectively, more than tw^elve and seven times the 
inherent ’’ standard deviation.’ ‘ Student ’ estimates that at least 100 to 3(K) 
factors wnuid he needed and considers that the actual number runs into thousands* 
Dealing with this point, Br. Fisher [5] states that the experimant (which ran for 
twenty-eight years) is a direct demonstration that selection has the exact effects 
that selectionists have ascribed to it* 

Can we do likewise if we breed our cattle upon the same principle of selection ? 
There is no doubt that selection can greatly increase the productivity of scrub 
stock, but as the productivity of improved stock rises so does the rate of improve* 
mcnt decrease. The progress becomes so slow relative to the passage of years 
that w*e must now perforce accustom our ears to the astonishing slogan of certain 
advisers of our fanners that if is useless to use a bull that is out of a Ingh -producing 
eow, a statement, based on the facit that certain bulls of such breeding do not fulfil 
the expectations of the owner. ■. Heveitheless the oecumuice of such animals does 
fulfil the expectations of the geneticist. 

It is curious that some of those of our practical advisers who most decry tlm 
simple selection embodied in the andent rule of ‘ mate the best to the best ’ do 
themselves advise merely an elaboration of simple Belectioin So keen aro these 
people on their slogan of the ‘ progeny test ’ as the salvation of the British dairy 
Wustry, that they go out of their way to decry past methods of selection — com- 
bined or not with pedigree. 'They quite ignore the point that the progeny test is 
' the logical pcSnemenl ^ existing methods of selection, • ■ . ' 
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looms up the Charybclis of the likelihood that the analysis will reveal so many 
genetic factors interacting vith each other as to make the synthesis of the problem 
in its practical application almost an impossibility. An adequate reply to the 
opening qiiOBtioDB of this paper demands the discussion of this point* 


To those who have time to reflect, the practical ontcome of the w'ork of the 
plant-geneticist is little short of amazing. For many crops he has managed to 
i . make two blades grow -where none could grow before. We, animal geneticists, 

have good cause for envy, and it is w^ell that we should point, out that this cause 
lies not merely in the greater rate with which one generation of agricultural plants 

■ succeeds another and the large populations which can be conveniently raised, but 
also in the fact that the productivity of a plant is, as a rule, infinitely more easy 
to measure and to assess than is the productivity of an ammal. 

: The problem of an increase in the productivity of our live stock — and the 

■ maintenance of that increase — is not so simple as, say, the problem of an increased 

i yield in maize. Let me refer to the wwk of Winter [3], which has been recently 

; , I the subject of some discussion. To quote Student ’ [4], Winter ^ succeeded, by 

r ; ! continuous mass selection, in producing two races of maize one of which has more 

than twice, and the other less than one-third, the normal oil-content’. ^Tho 
i; movements of the means w ere, respectively, more than tw’elve and sewen times the 

. ; “ inherent ’’ standard deviation.’ ' Student ’ estimates that at least 100 to 3,00 

; ^ ; ; factors wnuld be needed and considers that the actual number runs into thousands, 

; . Dealing with this point, Dr. Fisher [5] states that the experiment (which ran for 

tw^enty-eight years) is a direct demonstration that selection has the exact effects 
: ; , that selectionists have ascribed to it. 



Can we do likewise if we breed our cattle upon the same principle of selection ? 
There is no doubt that selection can greatly increase the productivity of scrub 
stock, but as the productivity of improved stock rises so does the rate of improve* 
; :in0nt: ’decreases ;' ;T^^^ to 'the ■ passage of years 

wc muBt. now perforce accustom our ears to the :aBto.mBhiBg slogan of certain 
advisers of our farmers tliat it Is useless to use a hull that is out of a high -producing 
cow, a Btatement based on the fact that certain bulls of such breeding do not fulfil 
the expectations of the owner, bfevertholoss the occurrence of such aninnilB does 
fulfil the exjiectationa of the geneticist. 

It is curious that some of those of our practical Jidvisers who most decry the 
simple selection embodied in the ancient rule of * mate the Mst to the Ix^st ’ do 
themselves advise merely an elaboration of simple selection. So keen are these 
people on their slogan of the' ^progeny teat ^ as the salvation of tlie British dairy 
industry, that they go out of their way to decry pjrst methods of sele<*tion— coin- 
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British farmer liaB no eontroL IJnfes wo have fumiaEiental kaowleclgo eoiieerti- 
ing'.the'inheHlanee of the’ eharaefcerisMes;.of^the we:,iKseci'ivotriiop6'to h©' 

able to keep pace with market fhietiiationB, 

Pending adequate analysis of the prolilcm^ a eontiimanee of existing BOioe- 
tion, 'methods ' (witli- :the .re-eiiforeoment. of ' ■the recent; . 

of the progeny test) is much to be desired and will, on the wdiole, give good results. 
When, as is bound to liappeiij there is a popular reaction to the progeny test 
—not because it has failed to give results, but beeuase those results have not 
been ap great as the ad%moates of the test are now promising — than the science 
of genetics will be able to make a further and definite eontrilnition to the subject, 
provided that the foundations for such work have been weli and truly laid* 

Furthermore, tbo productivity of our live stock depends upon the cdose 
interrelation of the <!ontroI of disease -with nulrition and genet it's. The Sfottisli 
shorthorn was not the product of Amos Gruickshank of Sittyton, It was the 
product of Criiiekshank and turnips and straw — all three of them from Aber- 
deenshire. Likewise, the Aberdeen-AnguB wits not the produr^t ofMcCoinbie, 
but of MeCombie, turnips, straw, and oil-cake. the biologists and iarmers 
of Aberdeenshire folly appreciate, the science of the nutrition of our live stock is 
niuking great headw^ay. But it cannot outstrip thci genetic apjilieation* Im- 
proved methods of feeding put new Btresses on the inaebhie that can onl}^ be met 
liy the adjustmoiit of the hereditary constitutions of the animals. At presemt 
wo lack tlie basal knowledge necessary to effect suoli alteratione whieli the futures 
wall certainly demand. 

Let me illustrate this. Hitheii:o the ^ basal ration ’ has been a most 
useful conception in the theory of feeding live stock. In Edinlnirgh, we have 
two strams of pigs. For the one, the average coiisomption of meal, per lb. of 
livoweight gain, is over 4 lb. ; for the other, tlio eecaioniical pigs, it is only about 
2| Ib. The same hohivs good for cattle, both for milk and beef. Thus, by geneti- 
cal methods, the interior economy of an animal can be nicKiified to suit niitritioiial 
requirements. 

Idnally, to those mljcsofthe geiu^ical mefhod for i Jie ifnpnnaunent of our 
dairy cattle, I *woultl say : It is worthy of remark that htu*editary improve* 
ment in the yield of our dairy cowh has taken pku‘o In tfie post-Meodelian era. 
Tbs fecfc-that'tbe breeding of live stock has? in part? been reducecl to a Keienccs has 
clarified thought and put the practice of live stock improvement upon a logical 
ha-sis. Moreover, each new generation of breeders has no longer to disentanglo^ 
fact from fancy* The exfetcnca of the enables the young breeder 

t '0 start at the place where his father left off* This is no mean achievement to 
the credit of the seieiu^ of genetioa, for it must be remembered whereas^ 
the. improvBment of the hereditary qualities of crops rests safely in the hands 
of a few^ skilled rcseairch 'workers, the impruvement of our live stock rests with 
' the innumerabte 'hpeeders. live ^mk i&tributed throughout the werM. 
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LIVE STOCK 

III. BREEDING FOR EGG-RRODUeTION ^ ^ ^ ^ 

A. W. GREENW^OOD 

{Institiite of Animal Genetics, University of Edmhurgh). 

Dismissing the future possibilities for increasing egg-prodnctioii in poultry, 
Jull [ I ] has stated that progress largely depends upon the poultry-breeder’s 
ability to control heredity. Further, he suggests that “heredity can be con- 
trolled and directed best only when the knowledge of poultry-breeders develops 
sufficiently to enable them to select breeding stock that will transmit to their 
offspring the most desirable qualities. Selection is the kejniote in the programme 
of future development.” 

Selection without an exact knowledge of the mode of hereditary transmission 
of desirable qualities, but with a belief that they are transmissible from parent 
to offspring, has been the basis of all breeding practices in the past. It has been 
responsible, together with iniprovements in husbandry, for the tremendous in- 
crease in the production records of our modern domesticated broods when com- 
pared with the ancestral types from which they have sprung. Such advance 
bears witness to the importance of heredity. 

In attempting to assess the possible value of the science of genetics to the 
cause of increased fecundity in poultry, we should begin by considering the results 
that are now obtainable when selection along certain definite linos is pmetised. 
An examination of the production figures at egg-laying contests testified to the 
skill of the intelligent breeder in developing highly fecund strahis of birds. His 
methods of selection, however, when improved flocks are dealt w'ith lead to negli- 
gible progress over a fairly long period of time. This has been <lemoiistrated by 
Dunn [ 2 ] from an analysis of egg-laying contest figures in America. Over a 
period of nine years ho found that there was little matia-ial change! in average 
egg -production. This is very significant. Since only a small percontago of a 
flock of birds is rigorously sebetod by certain standards for participation in egg- 
laying trials, it follows that tho results obtfiinod represent praclkally the highest 
individual performances possible w'ith the methods of seioction now nscil by 
breeders. The production of the flock as a whole, however, usually falls far short 
of these individual records, and perhaps the most pressing question to be faced 
from the economic stand-point is that of devising a means of raising the figure 
for average production, even in the most improved flocks. 

The problem of improving egg-yield by breeding has been tho incentive 
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that maximum production may be attained. From observation and experiment 
Goodale and Sanborn [ 3 ] conclude that there are, at least, five desirable qualities 
which, if present in a bird, lead to high annual production. These are : — ■ 

L Early sexual maturity. 

2, High intensity of production. 

3, No winter pause in production. 

4., Non-broodiiiess. 

5, High persistency of production. 


Even a casual acquaintance with the hen reveals that for certain periods 
in her reproductive life, egg-production ceases for varying lengths of time. The 
most definite gap in egg-laying occurs during the time when the old plumage 
is being discarded and the new feather-covering is growing in. Since this is a 
characteristic annual phenomenon^ typical of the vast majority of birds, it will 
be seen how” important its effect is upon the annual-production record of the pullet 
— a figure w»^hich is arbitrarily fixed as the number of eggs laid in the 366-day 
period from the time when she produces her first egg. Since the moult is very 
variable, both in point of Mme and duration, it is obvioiis that the annual pro- 
duction increases in propor tion as the onset of the moult is retarded and approaches 
the end of the 365-day period. At the Institute of Animal Genetics, Edinburgh, 
we have several hens among our flock that, over a two-year period, have failed 
to undergo the inoult, and egg-productioii has not ceased during tins time. This 
is the ideal persistency. 

High intensity means that a bird must be persuaded to lay as often as possible 
within the prescribed pericd. Winter clutch size ”, the average number of 
eggs laid in succession up to March i, is used as an indicator of intensity of pro- 
duction, because it has been found to be signiflcantly correlated with annual 
egg-production. 

Most pullets are hatched so that they become sexually mature in the autumn. 
It is rarely found, however,, tliat continuous production occurs throughout the 
winter months without the appearance of at least a few successive days on which 
no eggs are laid. A break in the continuity of production of this magnitude 
classifies the bird, as exhibiting winter pause 

Another physiological manifestation that affects the ultimate peifonnance 
of a hen is that of broodiness. During this phase of maternal expression, egg- 
production ceases for a variable length of time, and is recommenced only after 
the signs of broodiness have waned. This is a problem which affects particularly 
that branch of the industry concerned with the heavy breeds of poultry ; broodi^ 
pess is a comparatively rare phenopienon in leghornSj for example, / 
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' ■ 'Reeorded ohBm'Wnimm of -many workers hiwe hIiowh tliat c|iiiek-iimiiiriiig 

piillets'.iaiici: tO' make the highest amiual recorcla, aiiii this eiophasizea the jneoeasity 
for eonsitoittg '.oariy sexual ttiaturity when inercmm^l reermi^ are tlei^ircbcL 

■'■ These fiwe qualities are, perhaps, olnnonn ones to select for, if an ineroa^^ 

; . in egg-yield'is desired ; it wii! he interesting to what anKnint< of improvement 
may .he ■obtaim^ . in 'a rdatively nmmpmmd flock l>y contmnoiis mdeetion along 
these lines. Fortunately, the resnlts of tivo separat.e ex|K^riinents are available, 
one carried out by Marble aiifl Hall [ 4 ] and the other begun by Gotxlale and mn- 
tinned by.’Hays and Sanborn [5] (Table I), 


Table I 


Marble and Hall, 1930 . . , . i 

Cloodah}, Hays and Sanborn, 1934, 

Leglmrm ■■ > ■„: ' - , . . . , 

likmh Island Mids^ 

Average production inereaHCfl from IIH I 


to 196 eggs , * * , . 1 

Av<!rago pr<Kluction increasc^d from 134 


to" 222 e^s* 

Percentage incrextae 66 * 1 , , 

i 

Porcentage increaaa 66* 6. 


It is not Buggested that Bueli a rate of improvement could be obtained in 
tlxe best flocks by means of selection based on the five qualities outlined above, 
because in all probability the higher averages produced now-a«daye have resulted 
from an unconscious use of these qualities as a basis of selection over a compara- 
tively long period of years. Both experiments started with birds that did not 
give a very high average egg-yield, and continuous selection for increased egg- 
production was maintained over a period of tw^enty years. The results obtained 
in both sets of experiments showed a remarkable similarity in the amount of 
increase in the average yield, and this is tlic more striking wiien it is considered 
* that not only were different breeds used, but that the initial egg-produciion of the 
two flocks was also different. From these experiments it is possible to deduce 
that the methods employed are along the right lines but the question has still 
to be faced as to what is the final degree of improvement in egg-yield that may 
be obtained by these methods. 

From an analysis of their flock records for the years 1028 to 1932, Hays and 
‘ Sanborn [ 6 ] show that whereas, over 50 p&r cent of their birds exhibitetl throe 
or four of the desirable characteristics, and 16 per cent all five of them {Table II), 
this improvement was only about one-sixth of that theoretically anticipated, 

- for there is no known reason why all the birds cannot carry all five desirable ehariie* 
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Table II 


Melaiion of Number of Desirable Characters to Annual Production 


Characters Number 

Birds 

Number 

.. Birds", '-. 

X^er cent 

■ ' of ■■ 

total 

Egg; 

production. 

■ Average;, 
per bird 

0 


81 

r 3 

149 

,1 

« 

158. 

6*9 

157 

2 


875 

If)- 3 

174 

3, : , ■ . ■ 

• 

717 

31*2 

201 

4 . , . 

* 

648 

■.28-2 . 

227 

' 5 , • ... 

« 

371 

lO-*! 

: 252' ■ 


That these particular desirable characters are inherited has now been 
established and a reasonable idea of their mode of inheritance has been gained. 

Early sexual maturity apparently depends on two independent dominant 
genes, either of which can produce, for example, the onset of egg-laying in the 
Rhode Island Red breed before the hens are 215 days old. One of these genes 
is sex-linked, the other autosomal (Eo and E'E'), 

For high intensity of production, also, two dominant genes are necessary 
(II and IT'). Hens carrying gene 1 have alone an average %Yinter-clutch size 
greater than 2, but less than 2*6. Gene 1' gives a clutch size of about 2*6. Both 
genes together increase the clutch size up to 3 or more eggs throughout the winter 
season. Both genes are autosomal and cumulative in effect. 

For winter pause there seems to be only one dominant gene, M, Desirable 
birds therefore carry the recessive form, mm. 

Bloodiness has been found to be inherited on a two-factor basis. Two 
dominant complementary genes, A and C, are necessary to produce it. There 
is no evidence of sex-linkage and non-hrocdy birds are of three general classes : 
(1) those lacking both A and G ; (2) those carrying A and lacking C ; and (3) those 
carrying C and lacking A, The latter two classes make it evident why broodiness 
is so difficult to eliminate completely from a flock, since females of these con- 
stitutions, though not exhibiting broodiness themselves, will produce broody 
offspring if mated to males carrying the complementary gene they lack. 

The data for persistency indicate that it is inherited on the basis of a single 
dominant autosomal gene, P* 
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So far as experinieiital work lias shown, the ideal lien should have a genetic 
constitution with regard to the desirable characters leading to high egg-produe- 
' -'tion, as,, follows mm aaee, PP* ^ ■ 

It will readily be seen why progress by methods of selection is apt to be 
extremely slow, for there are possible in a flock, 6o,496 * geneticelly diflerent 
classes of birds with regard to the fi%'6 characters iiiYolYed, and only one of these 
would give fixity of type. Again, since five of the eight genes, from which these 
characters originate, are dominants, distiiietions between their heterozygous 
and homozygous forms are small, and at present apparently undetected, so that 
if, as must occasionally occur, a hen homozygous for all the desirable qualities 
should arise, the chances of its being recognized as such are extremely small. In 
the case of the male, the difficulties are further increased by the fact that, though 
for true-breeding stock lie must carry the desired characters in the homozygous 
form, yet he cannot ill hiniself exhibit them. 

It can w^ell be imagined then that the chances of producing a strain with 
eouBtant gcnetical constitution is extremely remote when selection methods alone 
arc practised ; and it is indeed dotibtfnl whether much further progress would 
be made in the best flocks, although considerable progress is possible in un- 
improved stock. 

If we refer back to the original statements of Jull that * the possibility of 
increasing egg-production depends on the poultry breeder’s ability to control 
heredity and ^ that selection is the keynote in the programme of future develop- 
ment % a certain amount of confusion arises. Even with the knowledge of the 
mode of inheritance of the necessary qualities leading to high annual egg-produc- 
tion, it cannot be said that a policy of selection along these lines owes anything 
to the fact that a genetical analysis has been made. In foot, it may bo said that- 
ignorance of the genetical work should produce about the same amount of im- 
15rovemcnt in a flock, because the qualities selected for arc Just ihuse which, if 
inherited, w^ould tend to increase production. So far, the service of genetics 
has been to prove what has hitherto been a belief, that certain desirable 
qualities are inherited in a definite and orderly manner. 

Unless we are to agree with Babcock and Clauson [ 6 ] that; the real service 
of genetics to animal breeding lies in promoting clarity of tliought, the genetioivst 
must show how the knowdedge gained by exi)eriment can best be used to improve 
existing breeding practices. In this particular field he must show^ the breeder 
how he can control heredity. 


* *rh^ figum is taken from publication but h obviously incorrect. The 

^wh^^deWing/'^th.bi^ of ..which: ' 
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The real limitation of selection lies in the fact that, owing to tlio apparent 
similarity of production of the liomosygouB and heterozygous gene groupings, 
it is impossible to forecast with accuracy the productive capacity of all offspring 
from any mating. To illustrate this -with regard to one particular quality, say 
persistency, making use of genetical knowledge, let us suppose that only females 
showing persistency were selected as breeders ; they would liave either the genetic 
constitution PI* or Pp, There could ])e no evidence from the male himself as 
to his genetic constitution, and so, from matings with persistent females, there 
are three groups, each of two classes, into which his resultant progeny might 
fall (Table III). 


Parents O^spring 

Group I— 

PP<?XPP?”PP 
PPxPp— IPP: iPp . 

(koup 2— 

Ppc^XPP?— I FP : 1 Pp 
Pp X Pp — 1 Pp ; 2 Pp ; 1 pp 

Group S— 

, -pptJ.XPP?— Pp , 
pp X pp — 1 pp : 1 pp 


Table III 


, all persistent and true -breeding, 

. all persistent, but only half true-breeding* 

* all persistent, half triio-breedmg. 

* three persistent to one non-persistent, but 

two in throe of persistent no t true -breeding . 

* all i'>ersistent, but not true -breeding. 

. ono-lmlf persistent, but not true-breeding. 


TIjo fact that females exist in the stoolc which exhibit persistency, and yet 
cannot transmit this quality to all their offspring, makes it extremely unlikely 
that, using this as a basis of selection, a strain homozygous for the character would 
ever be developed, even though care was taken to breed only from birds all of 
whose progeny were persistent. Such a procedure could only tend to limit the 
selection of breeders to tho first three classes, and since only the first is of fixed 
constitution, a certain number of undesirable, ie., recessive individuals would 
almost inevitably occur among tho succeeding progenies, which might belong 
to any of the first four classes. 

Genetical work has given us at least one clear conception, namely, that a 
bird may exhibit a desirable character, but only be able to transmit it to part 
of its offspring. Tho immediate application of this knowledge could only be 
made if further experiment were carried out in sufficient detail to demonstrate 
whether measurable differences between the lietero- and homo-zygous forms 
exist. If this could be done, then the development of homozygous strains carrying 
all the desirable characters, could be rapidly midcrtaken. Only by this means 
can the control of heredity by breeders be readily visualized. 
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. '■ ' On.the otlic^T hioKl, Bhould Mils infoimation be iia;afctiilBable,:tbsl:iB;, giippoBiog 
' moaBHrabfe ;difl-ereiMee ,m :;e|®-pr0c}uotioB^ be .ftHind Ijetwoaij' heterp- and 

liomo-zygotiB fomiB, tlie genetlcfet Btill ban a nEdbrnl of attack that would even.- :; 
tnally lead to liie analyBiB of the gonctical eonstitiition of any bird. In the first,';' 
place, it woiild be neci^ssary to build up a Btoc?k containing ail the lioina2;ygons 
, recmke forms of tlie characters to be investigated. This could be done by selec- 
■' tioixunueli: more'Oasily. thini- by dhe:, reverse'' procc^ss. ' ;'Tli0: value :0f 'Helecting^for: 
' ree.essive.: 'c‘haraet 6 rB. is ''. well iilustmted' .'Iiy ', .of 'selection /against. Iiroodi-'; 

' ness t, this .has been almost. 'complebdy'^ eh from ,inim'y;"bre 0 ds;of fo . 

even in breeds like the Rhode Island Red, where broodiness is of common occur* 
rence, the value of selection against it is shown in the figures of Hays and Sanborn, 
where the percentage of birds exhibiting this characteristic phenomenon dropped 
from 8fi in 1916 to 12 in 1932. Theoretically then, the building up of a strain 
of birds homozygous for the recessive characters should not offer great difficulty . 
Such birds would have the following genetical constitution mth regard to the 
characters selected against : eo, ede', ii, ifi', pp, aa ce, {late maturity, low intensity, 
low persistency of production and non-hroodinesB). Tlie only character of the 
groux? that would offer any difficulty would bo winter pause, which dexiends on a 
single dominant gene. The recessive homozygous form could not bo expressed 
in such a strain of birds because of the activity of the other genes sekictod to give 
minimum production ; this hindrance could bo overcome, however, hy first of all 
fixing this character in the stock from which the homozygous rocessive strain 
would subsequently be developed. 


Having once obtained such a strain of birds, it would be ]30ssiblo to detennino 
accurately, and well within the productive life of the bird, the genetical constitii» 
tion of any male or female, by means of matings with the recessive stock. The 
desiralile qualities, which combine to x>rodiic6 high egg-jdeld, are most probably 
dependent on the same genes in the different varieties of the domestie fowl, so 
that, it would not be necessary to obtain testing strains for all the diffenmt breeds 
of fowl. 

Before closing this discussion of the mheritance ofegg-x)roduetion,it is neces- 
sary to emphasize the fact that the survey of the problem has been made from tlu.*! 
simplest possible genetical angle. We have dealt only with tlics behaviour of certain 
kherited characters without suggesting factors that might intervene to compli<.‘aio 
breeding practice, and so we have omitted to stress the important r6le xfiayed 
by environment and its effect on the expression of the gene. It is obvious, however, 
\that thfe, type of' reaction also falls within the province of the genotieist — ^fco 
' deteiEmihe how, the expression of the genotype may be modified under var 3 nng 
;|nvleqnmfnW, . It goes without saying, for insta.nce, that nutrition plays 

imp^apt;part.in;dedding whether -or not,, the foil genetic capabilities 


^jpp i UWii ii i i ■ ■I ll ^ 'J 
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of aa 'ammal/ara to l>e expMBOcI,:- ■ Apart firOm miritiOEy^perlmps .ffle/moef BtriKog >; 
effect on ogg-pnxitiction deriyed from control of extraneous eiiyiromnental 
fltienee is that which follows increased exposure to light. 



Just as we hayo a measure of the intensity of inheritauoe from obseryaiions 
on parent and offspring in breeding practice, so to determine quantitatiyo effects 
of onyironmeiital factors on gene expression, it is necessary to haye stock whose 
genotieal constitution is known. 

There is yet another phase of genotieal. inquiry that may perhaps be con« 
sidered of mainly academic interest, but from which we now have indications 
that it may lead shortly to more practical and less tedious methods of controlling 
heredity than that outlines earlier in this paper. In the final genefcieal analysis 
the gap in our knowledge which exists between the preseiice of the gene, on the 
one hand, and the exhibition of its end-product — ^the character— on the other hand, 
must be bridged. 

Hammond [ 7 ] h^xs giyen us a suggestion as to the type of meohaaism: that 
may lie between the genes and their characters. In the experiments on the 
increased productivity due to an inci'eased light ration, it is his opinion that 
light acts 1)3^ stimulating the anterior pituitary gland to increased seerctioxi, 
and this substance circulating in the blood stimulates in turn tlie ovary 
to increased prodm^tlon. He further suggests that the level of this substance 
in the blood may explain the difference between high and low egg-producing 
strains and breeds. 




It would be interesting to determine which of the five qualities outlined 
previously as leading to increased egg-production are likely to be affected hy 
this stimulus, 

Early semal mahifihj . — relailon existing between sexual maturity 
and the anterior lobe of pituitar3^ is too well known to need labouring, but the 
work of Doiiim [ 8 ] in Chicago merits a brief notice. By suitable injections of 
a preparation of this gland, he was able to produce precocious development in 
the sex glands and soeondar3" sexual characters of fowls, so that some of his male 
chicks were crowing nine days after hatching, and began to tread ivben only a 
fortnight old. 

Persistency , — ^The length of time a bird continues laying after the production 
of her first egg is limited by the time of appearance of the moult. In one of our 
birds we were able to eliminate the moult by implanting anterior pituitary glands 
from other birds (Greenwood [9]), 

Brooiiness , — ^From extracts prepared in our laboratory, Professor F. A* E. 
Crew has been able to produce the typical behaviour of broodiuoss in Leghorn 
fowls, a breed in which it rarely occurs. Even young hens reacted to the stimulus 
before sexual maturity was reached. 
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Intensity ami no lointer Giitowska [ 10 ] has shown that oral a4lmmiB« 

tration of anterioT lobe of pitnitary learls to an increase in egg-nn rnber* There 
was an increase in the number of follicles in the ovary, and also au inoroase m 
their size. The results were most striking in the early part of the year (before 
spring). 

FinaJIy, Parkes [ 11 ] has shown recently that the removal of this gland lea^ls 
to the atrophy of the sexual glands. I have purposely avoided entering into 
too much detail with regard to these extremely sigiiifieaiit obsorvationBj ameo 
at the present time control of heredity by these means remains still in the realm 
of possibility and has hardly reached the fringe of probability. An immoBBO 
amount of work still remains to be done. 


SaHMAHT 

1. Selection methods practised along the right lines tend to increase pro- 
ductivity, particularly in unimproved stock, but progress is alow in improved 
stocks }>eoause of the inability of the breeder to control heredity. 


2. It has been shown that the desirable qualities to select for are inherited 
;J , and that their mode of transmission from parent to ofepring haa been deter- 

mined. 


3, Such knowledge need not necessarily affect selective breeding practice 
because of the present inability to distinguish between hetero- and homo-zygous 
forms of these genes. 





4. The application of genetical knowdedge to breeding requires either a metliod 
of distingiifahing these forms by their production records, or an accessible technique 
whereby the genetical couHtitution, of an animal may be accurately deiennined. 
With this knowledge at disposal, the fixation of desirables eharactors in a flo<*k 
can be readily made. 


5, The field of work of the gcuietieist covr^rs not only the mode of transmisgiou 
of characters under optimum conditions, but also the effect of variations in tho 
environment on the resultant cxi)resHion of g^me action. For this it is c^ssential 
to deal with animals of known genetic constitution. 


Tho final phase in the ganatical analysis concoms the relation between 
tfio and the mechanism by which the end resuit-^-the produccHl. 

the •control of heredity through the control of physiological 
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THE INHBEITANGE OF PRODUGTIVITY IH FIRM LIFE 

■ ..STOGE V:y: ; - 

■ ■ ■ IV. WOOL ■ V;';. 

r ; . ; . ^ 'j. E. mCHOLS;'' ■ 

hidusifies-MmeareJi.' Assmmim^ 

The general title of these papers stiggests a ^vlcler field for eonsideratioii than 
that simply of the inheritance of wool-diaraeterSj wliich lias been reviewed recently 
. by Miller [1]. In the first place, it is to be rc^membered that the fleece, as a covering 
during life, contribntes to the hardiness cjf the animal in its ability to survive 
the rigours and changes of environment^ and is, therefore, concerned in the other 
activities of the sheep, for nieat-prodnction, for br€i.^ding stirplns stoek, in some 
countries for milk, and so on. It is an agent, though Indirect, In promoting the 
efficiency of the ^hmp as a producer of those commoditieB wdne^h the sheep-breeder 
hopes will be profitable to him. Herein it gives rise to probleme in liroduetivity 
rather remote from those occurring in the other animal produeta dealt with in these 
articles. 

Fibre-growth is a more mtinmto function of the sheep’s activity than ie, say, 
milk-production of the cow’s and egg-production of the hen’s. It begins in early 
foetal life and ends only at death. There would thus appear to be three different 
primary sets of environmental conditions to which it isexposed, (l)tberela-« 
tively constant foetal environment, during which, however, the follicles inter se are 
affected by the sequence and density of their development f2], (2) the early post- 
natal, representing a change in life-habit towards (3) the jiost-wwning, quite 
independent life, in which the animal attains inaturit}^, becomes a funetional 
ruminant, and so exposed to all the exigencies of nutritional environment inciden- 
tal to firee-graxing animals. 

The changes that occur with general development are obvious in many brcKnls. 
Many Merino lambs are bom hairy ; the birth-coat hairs are shed or kmt, and 
leave the growing lamb with a fleece of practically pure wnol. The lambs of some 
of our Down breeds, especially the Suffolk, are more or less darkly coloured at 
birth ; by shedding and replacement, the relatively pigment-free adult coat is 
acquired ; from maturity onwards we find other changes in fleece eharacter. 
Becent work on time or age changes, from birth to maturity is pervaded with the 
idea that defirdte relationships exist betiveen natal and adult coats, and that 
selection for desirable adult fleece-characters can he exercised early in life f3]. 

. It is clear that not only is the follicle-population variable in time, but also the forms 
of the fibre-product are alterable. 
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Throughout the adolescent and mature phases the changes in fleece-growth* 
that can follow alterations in nutritional level are very varied, and may be of some 
magnitude. For example, in one case, which has been studied, of an Australian 
Merino fleece, it was estimated that in terms of average fibre-volume per month;* 
the rate of production suddenly accelerated by over 100 per cent at one period of 
the year [4] ; and the wool-fibres are not the only products of the skin-and-foUiele 
system which make up the growing fleece [6]. 

But so far as wool-productivity is concerned, %ve are mainly involved in consi- 
dering wool as an annual crop of some direct value to the farmer. For the most 
part its course to the real consumer is peculiarly tortuous and prolonged, and 
through the innumerable mixings which occur the individual fleece loses all its 
identity. The cash value of the wool crop to the farmer is ordinarily some func- 
tion of the weight of the raw wool, the proportion of grease and other non-wool 
materials in the raw fleeces, and the estimated fitness of the amount of actual pure 
wool present for particular manufacturing purposes. These three factors are 



very variable, from one animal to another, from flock to flock between different 
breeds, and according to locality and husbandry. Moreover, when the wool-using 
industry is viewed, as a whole, it is readily appreciable that absolute uniformity 
of the supply of raw material is not desirable of the inherent attributes of the 
wool-fibres in the fleece which affect its manufacturing utility, length, soundness, 
"quality ’ or fineness, uniformity, fineness to its particular type or breed, and general 
character, may be mentioned, but of these only length and fineness are readily 
measurable, and have, therefore, been studied most. 

The most useful combination of these characters from the manufacturer's 
point of view is not necessarily that which the farmer would consider optimal, 
quite apart from other attributes of the fleece with wdiich the latter is concerned. 
For example, fleece-density, in part contributory to fleece-weight, is of more direct 
interest to the breeder than to the user, in so far as it is involved in the rain- 
coating action of the fleece. Yet it is apparently not always dissociable from the 
length-fineness complex. 

In view of such interrelations, it is perhaps not surprising that the majority 
of investigators conclude that apart from questions of colour, the inheritance of 
most fleece-characters is dependent upon multiple factors. 

Apparently conflicting results have, however, been noted. For example, 
whilst Hill [6] found the F^ intermediate in wool-fineness in Hampshire-Eam- 
bouiilfet crosses, Davenport and Ritzman [7] noted that the F^^ approached the 
coarser-wooled Hampshire parental type ; yet these investigators also descriW 
intermediate F^s in crosses involving South-down and Oxford rams and Ram* 
bouillet ewes with a tendency to approach the finer-wooled parent. At the same 
time, they record in the Oxford cross an F^ w^ooUength type, whilst in the South- 
down and Hampshire crosses, the F^ had longer wool than either parental form* 
Observations on Scotch Halfbred (Border Leicester ram x Cheviot ewe) also 
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fodieate partial domouiBceof tbe longer wool, but if amount of fibra {i,e. volume) 
is., eonaiclered, .then .these : 0 onelms.i 0 iiS: niaj. have, t.o be.. mo<liflecl| ..sinee in this eross- 
the .-Fg^averaie'fibi^^voluBies^'fend:^ the 'Cheviot,':, parental . '.type- 

rather titan the Border Leicester [8], 



If we admit that multiple-factor systems determine fleece-character inherit- 
anoe^ two important considerations arise* The first is the apparent futility of 
searching for single genetic factors which may override or profoundly affect the 
fleece-complex of wool characters. Miller [1] has raised this point, but re-emphasis 
is not out of place. The second coneoma methods and degrees of seleetion. The 
suggestion can be made that some of the divergent results of investigations are 
explicable on the grounds that one parental form has been selected more rigorously, 
or is leas heterozygous, for one particular fleece-character and exhibits a degree of 
prepotency, |ust as in ordinary breeding practice appear strains or individuals 
decidedly impressive. Conceivably, such an interpretation may be applicable, 
for example, in the first and second generations of the Border Leieester-Cheviot 
cross, which show bimodal frequency distributions of fibre-length similar to those 
found in the Border Leicester [8]. 

' Selection for wool -productivity is in practice pursued within the single breed 
or flock ; in ordinary husbandry its objects are generally to redii<*c t he variability 
of fibre«eharaeter on each animal and from one animal to another, i,e. wit hin the 
flock or breed, as well as to improve performance in sonic dcBired din^dions, such 
'as' greater density, 'higher -fleece-weight, letter yield -or longer- staple.. Outstand- 
ing examples of the progress of such seleclion are to bo found among the 
^ stud ’ Merino flocks, and from them w-e can draw conclusions, not only as to the 
methods of improvement, but also as to the waj^s in which the genetieLst may 
accompany the practical breeder. 



In multiple-factor situations, the phenotype closely reflects the genotype. 
In the stud flocks, we find that whereas first selection may be phenotypic, the 
...pro'gany'testls widely applM,. and th6''metho'd of, 'L mvolveE a^progressra 

infiltration of a genotype throughout part of the flock. Thus, briefly, a stud ram 
will be mated to a few selected stud owes, some of his ram offspring will be mated 
to other stud ewes, and so on, until, when proved, bis influence can be applied where 
neoeasary in the flock. Even In the larger commercial flocks, some selected owes 
are retained almost solely for xim with introduced rams, to brec^d rams for general 
service, forming a mm-teBting and breeding flock within the main Qmk. But the 
fUBOtion of the studs, or pedigree flocks, is to supply so-called * flock rams * for 
nm elsewhere, which means, in many different environments. The braedera 
i:ealise the importance of the extra-ordinary effects of environment on the animal 
.and, fleece ; hence a certain variability of genotype is deliberately maintaiBed 

so |he different demands for flock rams may be met. To this end the 

|^,,kapt possibly relatively greater anwing the top stud animals than 
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Bui) in surveying tlie wool-producing countries, one cannot help being impressed 
by the remarkable way m which Certain localities are pre-eminent for selection and 
improvement, constituting in effect centres for the breed from which emanate 
stock for commercial us© in other areas.^ T^ most successfully or most 

readily developed in one breeding centre is, however, not necessarily very like 
that from another. Further, they do not perforce react in precisely the same wary 
when transported to yet another environment. 

A few instances from the many may be quoted. In the British Isles, is a 
multiplicity of breeds, almost every one posseMng a territory within which it 
either predominates or produces stock for crossing, and there are also local varia- 
tions in type of practical importance. In Australia, among the Merinos, are the 
South AustraMan, the Riverina, and other Few South Wales forms of strong wools ; 
stocks of strong or medium wool origin exhibit different characters when pastured 
in fine wool areas, wMist among the fine wools, distinction can be made, for 
example, between the Tasmanian, Victorian, and New South Wales types. Parts 
of the Karroo areas in South Africa form fountain heads of improved breeding 
, stock for use in other regions of the Union, and in New Zealand, among the 
Romneys, different localities apparently demand different strains. 

In all cases it is, or should be, the general balance of fleece-characters that is 
borne in mind. Only a few days ago, discussion with a New Zealand breeder 
revealed that he had been attempting to increase his fleece-weights by selecting 
for greater staple-length, but he had found that at a certain stage the wool suffered 
by the tips of the staples becoming more weathered and wasted. ThuSj it was 
. better to sacrifice the extra length and weight for soundness throughout the staple* 

All these considerations add force to the principle that the pre-requisite for 
selection is that environment which allows the clearest expression of genotype* 
In the field of wool-productivity, to aid in the recognition of genotype and to gain 
accurate knowledge of phenotype to which it gives rise in other environments, are 
■ objectives which the zoologist may weU pursue, 
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Clarity may be served by diaeiiBsmg these four papers from two stand-points: I 

firstly, the mheritance of productivity as a scientific fact, or series of inteiraiated 
facts, and secondly the methods of using those facts and interrelations most 
efficiently to advance the aims of animal breeders. Efficient application of funda- 
mental knowledge to the solution of present problems may not automatically 
follow the discovery of that knowledge. Eesearch in methods of application may 
be quite as necessary as research in discovery of the principles themselves* V 



So far as concerns the inlioritance, each paper has stressed the complexity of 
the topic. It seems certain that for each trait there are many genes involved. 
No doubt these genes interact with each other and with the environment in many 
ways besides the simple additive way that may be expressed most readily in gena- 
. Talked formulae. 

Each paper has also stressed the necessity for keeping the animals in an envi- 
ronment that would peruiit differences in productivity to develop, although i)he 
philosophical explanation for this necessity varies among the speakers. Dr. 
.Hammond holds that the genes change adaptively in direct response to the eimron- 
ment, whereas most of us hold that such gene-changes have not been demonstrated 
experimentally, even ]>y the many experiments expressly intended to find them, 
and, moreover, are not necessary to explain the facts, either of animal bi’eeding 
or of evolution. Hence, we vroiiid argue that there is no necessity for Inv oking sudi 
a supposexi direct effect of environment of genes, even as a working hypotlmsiB. 
The necessity for keeping animals under ati environment that will pmanit them to 
show their difforenccB in productivity, arises from the fact that ixuiselouH scdec- 
tion for such differences is possible only when and as far as mmh differenm:B are 
permittel to develop to a reeogniasable degree. 

The sharp lino which Dr. Hammond proposi^s between ^ dmxdoprnental ^ and 
mutational’ characteristics will not/ 1 think, be accepted as vaUd by many 
: workers, either m animal breeding or in more cksHical branches of biology. Most 
, yypf ,18, wmM hold that all chameforistica are developmental, depending for 'their 

■ ' ■ • Mi exprcirion upon the interactions of the genes with each other and with environ- 

■ 80 Erom this standpoint, h%hly hereditary chamcteristica are those in 

_ of the variance we ordinarily sea, h due to differences in the genes 
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wMch djfferent individuals have, wlnlst faintly hereditary characteristics are those 
in which most of the variance ordinarily occurring is due to differences in environ- 
ment to which different individuals have been exposed Characteristics may 
further he classified according to whether the hereditary portion of the variance 
is due to few factors and shows sharply discontinuous classification, or many 
genes are involved and yield a practically continuous series of phenotypes. From 
this standpoint the differences between highly hereditary and slightly hereditary, 
or between continuous and discontinuous, characteristics, although highly im- 
portant practically, involve no differences in fundamental principles, but only 
differences in the number of genes involved, or in the proportions of the total 
observed variance resulting from genetic differences and from environmental 
differences. 

So much for the fundamental facts concerning the inlieritance of productivity. 
Before appl 3 dng those facts to breed higher productivity into a breed or strain of 
.animals, as an engineer would apply the fundamental principles of physics and 
mechanics to such a task as the building of a bridge, measurements are heeded of 
the magnitude of the forces involved, just as the engineer would need measure- 
ments of the loads his bridge was expected to carry, the amount and 
seasonal distribution of the water-flow which must move down the stream under it, 
the number of years before it is expected to become obsolete, the amount of money 
available for coiivstruction, etc. I venture the opinion that, in general, this is the 
least explored field of applied genetics, and that neglect to measure and integrate 
^properly these variables is the major cause for the mistakes and unsound proposals 
that are sometimes made even by those whose knowledge of biologiGal fundament 
tals is not seriously deficient. 

It will not have escaped notice that all four speakers have mentioned selection 
.as a first step in bree<iing for productivity, although they differ considerably in 
their optimism as to its sufficiency, I would here call attention to only two aspects 
of the question of how intense selection can be, even in the idealized case where 
the man doing the selecting is possessed of complete knowledge of the genotypes 
of his animals. The first is that natural fertility and longevity set serious limits 
to the intensity of the selection which may be practised. Each parent must even- 
tually be replaced by another, even in a population static in size. What propor- 
tion of the female offspring must be saved for replacements ? What proportion of 
the males 1 Here is a whole field of what we might call * the vital statistics of farm 
animals ' which is as yet only slightly explored. In dairy cattle, about fiO to 60 
per cent of the heifers must be saved, merely to replace their dams, which are 
being lost by disability, old age, and other causes of death. In swine, perhaps 
10 per cent of the gilts would be enough ; perhaps 7 or 8 per cent would be enough 
for exceptionally well-managed herds. In chickens, perhaps 2 per cent of the eggs 
that might possibly be hatched into pullets would be enough for replacements. 
These figures set serious and varying limits to intensity of selection in the fost 
place. One must begin with the material available. There is small use to talk 
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of the advantages of selecting breeding-stock homozygous for high productivity 
if less, than :I. per'centof the population: is of tliat:gen0%|^ and if on€iiB',lbrae<l • by 
reproductive rates to save 1,0 or 50 per cent of the whole population for In’ccding* 



The second point concerning the intensity of selection is that such intensity 
is weakened (much more than is generally realized) by the inelusioix of more and 
more items in the ideal ; that is, by considering many different characteristics in 
making the selections. In the idealized case, wliere n independent, equally 
important characteristics are to be considered in the selections and w is the pro- 
portion of the population which must be saved for replacements, the selection 
intensity for each characteristic singly is the vsaine as if the nth root of x were the 
proportion which must be saved. Thus, if one needs only to save one-tenth 
of the offspring, but pays equal attention to eight independent eharacteristies, the 
intensity of selection for each such characteristic is no greater tlian if attention has 
been paid to the characteristic alone, but it had been necessary to save three- 
fourths of all offspring born. This, I think, is the only general basis of real anta- 
gonism between breeding for production and breeding for * fancy points ' namely, 
that each additional point eoiiBidered must necessarily weaken the selection which 
might otherwise have been practised. Nevertheless, the practical breeder mmt 
pay attention to several things, even though lie iinderstaadB perfectly this weaken- 
ing effect. 

Besides estimating how intense his seleatioiis can actually be, one needs (if he 
is to estimate the outcome at all aeeurateiy) to know first what portion of tlm 
observed variance is genetic in the narrow sense, which includes only those gene- 
combination effects that can be expressed by some additive scheme ; second, what 
portion of the variance is due to gene- combination effects that cannot be expressed 
additively ; and third, what portion of the initial variance is purely enviroiimenttil 
in origin. Of eoiu'se such a division is not absolutelj^ correct to the last detail, 
since in actual practice there will be interactions between the three kinds of 
variance. For instance, some gemitypes may bo iiioro plastii^ to tnuii^onniental 
influences than others. If that be tiie case, and if the Impeding sysitun increases 
the frequency of the more easily influenced genotypos, then the environmeutal 
portion of the variance will likewise increaso, although the cuviremmout does not 
change. If extreme refinement is important, and if the ncu^essary data ani avail- ■' 
aWej a more detailed division may bo made apeeifying how much viirianco is duo 
to such interactions. However, in most practical probloins, sucli rofinonients will 
usually produce but small gains compared with the (5onHithu‘able amount of 
appmximation still remaining. Usually, the first approximation given by <livMing 
•the, variance into the three parts named above will be sufficient for the purpose 
of practical appHoation. 

‘^tl^ 'thegefietic tarlaiice that can be expressed additively is subject to simple 
• refinements of selectioii methods, such as the progeny or the 
, Bei^ve niyaWy to reduce ^mewhat th^ 


THE INHEEITANCE OF PBOOtrCTIVm IN FABM UVB STOCIC. 301 

that are introduced by the other sources of vatianco. For instance, if one- third 
of the variance in milk-yield of a breed of dairy cows is genetic in this narrow sense of 
the word, and if the breeders pay no attention to bulls, but select the cows so 
intensively that those saved for breeding average 150 gallons more than their 
entire contemporary generation, one can expect the next generation to average 
25 gallons above the generation in which their parents were born, When 
compared with the 150-galion ^selection differential V the 25-gallon gainmay 
appear disappointingly small. No doubt this explains the fact that in every 
eountrj^^ the voices of zealous enthusiasts are sometimes heard proclaiming that 
the old methods of selection and attention to pedigi^ee are useless, but that the 
latest panacea of progeny test, sire index, or what notj will accomplish all that the 
old methods are condemned for not doing. 

In the example Just quoted, the complete and exhaustive use pf a progeny 
test for the selection of bulls, while still using the same standard of selection for the 
cows, could about double the rate of progress, the exact figure depending much upon 
wiiat portion of the tested sires it is finally necessary to save for replacement pur» 
poses, and on what portion of the dams of the future breed are sired by bulls being 
testbed, and what portion can be sired by bulls after they have been proven. Such 
a doubling of the rate of progress would be an achievement important enough to 
justify much enthusiasm for proven sires. Yet the point I wish to make here is 
that the difference is not between methods that are wholly right and methods that 
are wholly useless, but between methods of selection that use more or use less of the 
information which is available or might bo made available for selecting. The 
difference is in degree more than in kind. Too often the old method is condemned 
hecause it does only what a more careful study and measurement would lead us to 
expect it to do, whilst a method heralded as new is, on account of its plausibility, 
extolled far beyond what we really have a right to expect of it. 

For further example : if the selection practised were only that of saving bulls 
from the high-producing cows, what has one a right to expect ? That is tanta- 
mount to predicting cows’ yields from the yields of their paternal grandams, and one 
would expect such cows to exceed the average of what their generation would 
have yielded without selection, by an amount approximately equal to one-fourth of 
that fraction of the variance which is additively genetic, multiplied by the amount 
by which the paternal grandams’ yield actually exceeded the average of their 
generation. Thus, with one-third of the variance genetic and a selection differen- 
tial of 150 gallons for the paternal grandams one wmuld expect an increase of only 
about 12| gallons in the grand-daughters. This might naturally seem almost 
no increase at all to those who had been led by innuendo to think that they had a 
right to expect in the grand -daughter an increase almost equal to the selection 
differential practised on the grandams. 

These calculations are crude and sketchy and do not include, for example, 
what may be expected when selection is practised simultaneously on dams and sires, 
grandams and granclsires, but naturally with varying intepi^ities on each^ and wi% 
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YaQning'^ degrees' of knowledge al^oiiieaelh’ ■' iiItistratioiis;baYe', l^ 
ahow, wh'at, kinds -of knowledgo .are Beeciedj ■ and how oneahouild 'pro€M?ed,',to ■'make’ a, 
husmoBs-lika estimate, of the probable gains to be deriTecl from various methods of - ,; 
Boleetion, 'progeny-testing, ete. Hot nntll sneh a valid estimate is made^ is one iii' 
a position to decide whether a given procednre is likely to provide gains that.' 
will more than offset its costs* In preparing these estimates, there is 
work in plenty to lie done in measuring reproductive rates, selection differentials 
reasonably attainable, the genetic portion of the observed variance, etc. 

In addition to the genetic variance that can te expressed by an additive 
scheme, there is a portion (perhaps a very large portion in stocks that are already 
improved) of the variance which is genetic in a broad sense, but cannot be 
expressed additively because the gene combination interact in other ways. Such 
gene interactions include inhibitory, multiplicative, complementary and epistatic 
effects, and also what may he a very common class of eases where that which ia 
optimum in the breeder’s opinion is genetically intermediate. 



SCALE OF THICKNESS OF BACK FLESH/ 

Diagram illustrating the case where the maximum of daBirabllity nmy 
be produced by an intermediate combination of genes. In sudi a case 
selection usually produces noticeable results In the tet few generations 
it; is practised, but rather quickly approaches a limit beyond which 
progress is not made, although hereditary variability still remains, 
luri^erpmgws can often be if some combination of inbreeding 
•:^.pu|bre#dJ»f,is practised along with contiiiued seleotiopi 
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For instance, in bacon awino too thick a back is as midesirable as a back too thin. 
Hence, although the genes affoeting tbickness of back might jierha-ps act additively 
in terms of linear measurements to make tlie back thicker or thinner, yet they would 
not act additively when me^asured on the scale of how much more or less desirable 
they make the bacon carcass. That is illustrated schematically in the accompany- 
ing diagram. Another example, outwardty difterent but the same in principle, may 
be furnished by tkossing per cent in swune. Other tilings being equal, the higher 
the dressing per cent the more desirable the pig from the Imtclier’s view point. 
From the grower’s standpoint there must be some limit to this. Tlie pig must have 
a certain weight and volumes of digestive and other vital organs if it is to bo healthy 
and thrifty. Hence, considering everything, the ideal pig in this respect will be 
something of a compromise between two partially irreconcilable ideas, having a 
dressing per cent somewhat lower than the butcher wishes but somewhat higher 
than the grow*er would wish if he could afford to disregard the butcher’s desires. 
It is characteristic of such cases that the individua] genes cannot be rated as either 
good or bad, since the directions of their effects are so dependent upon the combina- 
tion of other genes present. Hence selection is for or against gene combinations 
as such, rather than for or against the constituent genes of those combinations. 
On the other hand, the mechanism of inheritance is such that the genes and not the 
gene comlimationa are the units of inheritance. 

The problem presented by such variance can be solved by tho use of inbreed- 
ing to differentiate the stock into geneti(‘,ally distinct strains or families, with rare? 
outerossos between such families to restore tho variance and make new combina- 
tions possible. Such a differentiation into lines should permit inter-family selec- 
tion, which would be more effective than individual selection. However, the 
proper balance to be maintained between the intensity of inbreeding, freqaenc 3 ^ of 
outcrossing, and intensity of individual and family sedeetions, in order to promote 
the maximum rate of progress, offers a wdiole series of problems, the complete 
solution of which may w^dl vary from case to case and require continued research 
for years to come on a scale not yet approached in any country. 

In summary, then, %ve are agreed that inheritance is complex, and that each 
trait must be studied for itself from several points of view. We arc also agreed 
that tho first practical step in breeding is selection under an environment which 
will permit the genetic differences between individuals to manifest theiuBcIvcs as 
definitely as possible. We are agreed that progeny tests and, at least, a little 
initial attention to pedigree are quite helpful. We are not agreed as to the relative 
amounts of attention that should be given to individual performance, pedigree, 
and progeny test. We are agreed that it is desirable (as Mr, Smith especially 
has emphasized) to control environment as much as possible, so as not to 1x5 misled 
by it when maldng selections, but we differ in our optimism as to how complete 
control can be in actual practice. We are not entirely agreed as to the gains that 
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will aceriio from a aiui dc^faili^d knowlodg<^ q ( the t43eliriieal genetic aiina- ■ 

lion in each eaHl^ Wo arc^ far from agriHdng on the importaiiee which inbreeding 
:': ;'and:Ontc»roBBi^^^^ shonW in; breeding 'fo^ 

I hope that snch diaeiiBBion an thin, which of itself solves no problems, may 
nevertheless' cmitdbnto tO;::thrfr^''sointioB;:'by;:&imttl^^ 'dearly and- 

:;.particwlariy:,,l^,;preseiiting.^ mcOT';olaBsKialbra^ 

'. :':Some:'vieW; of the':Balnre'aBd;eomple^ of; the;probl6Bis;lhet glilltmansTOred. 

Measurement looms largo in such problems. This explains the importance of 
^quantitative 'mathod8'in;a|^fe 
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Die Stallrotkrankheit des Rindes. (Chronic Haematuria of Cattle) 
SoHLEGBir M. Munch* Tierartz* Wohft* 85? 365-371 and 380—384. 



SchlegeFs first article on haematuria was published in 1912, With the official 
support of the Ministries of the Interior and of Agriculture of the Beich, a very com* 
prehensiv© investigation has been carried out since 1927. The results are now recorded 
in a series of documented articles. With the collaboration of a geologist, a botanist 
and a chemist, a scientific survey of haematuria localities — the so-called hunger farms ** 
of the Black Forest in Germany, has been carried out. Details of geological and 
chemical characters of the soil of haematuria farms, their water supply and botanical 
flora, the chemical and physiological characters of blood and urine, the clinical and 
post mortem features, associated with the disease have been studied, Afiected farms 
are found to contain granite soil and sandstone, and the hay to be rich in crude fibre 
but deficient in albumin, mineral salts and vitamins. Water supply contains acids 
but is poor in mineral salts. The author is inclined to ascribe caxisation to these defi- 
ciencies, and his control measures are evolved from this stand-point. Microscopic 
and cultural examinations and transmission experiments in large and small animals 
have been carried out, and on tho basis of tlie negative results obtained, he excludes 
emphatically, bacterial infections (Dotroye, Galtier and Bondeau), animal parasites, 
coecidia (Arnold, Seharer), Filariae and Distomes (Lydtin), Pentastomes (Burton), 
passive hyperaemia and round cell sarcoma of the bladder (Hijik), toxic and mechanical 
outfiow and unskilled manipulation at tho time of birth, and also chemical poisons 
like Oxalic acid (Hadwen and Roger), The author records that while in one farm 
all the 22 axiimals contracted the disease, occasionally sporadic cases were met with. 



Commencing with Ross’s work of 1878, the author surveys tho literature [the 
previous 40 years’ existing literature would appear to be unlniown to the author], and 
designs his transmission experiments to test each of the suggested causes. First to 
ascertain the truth of the general belief existing for long amongst owners of “ red 
farms ” (haemateia) that the disease is somehow transmitted from animal to animal, 
and to test the bacterial theory, the author collected blood from the jugular vein from 
clinical cases and administered it whole or defibrinated by either one or more of the 
intravenous, subcutaneous or oral routes into healthy animals, haemateia urine 
being given at the same time either orally or subcutaneously. These administrations 


were repeated several times in each animal, the animals being kept under observation 
up to 11 weeks until destruction, and their respiration, pulse, temperature and character 
of the urine noted. 80 c,c. to 200 c.c. of defibrinated or whole blood was given intra- 
ven ously or subcutaneously, 50 c.c. to 180 c,c, of urine containing a high percentage 
of blood was administered subcutaneously and orally, while | litre or more urine was 
drenched. No abnormality was noted in life or at autopsy, inspite of these large 
doses being repeated five or more times. Similarly, 65 c.c. of a filtered emulsion of 
yerrucose bladder growths and of the kidney from a clinical case was given subcuta* 
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neoitBlylntrO 'a'Caw^aml'S; wetfe afler^«iifd 8 'wlie 3 i:fli.fy^^ was- Blattglitari^d, 110 ehaiiges' 

were diseoTiTPtl at the wmi o£ inoeulatitai or ekf‘wht‘ri^ In two of tixe oxporimmtal 
iKUiitliy cowH, tlio calciiHii content was found to clet’wase and the phosphoric acid 
■ .conteht’-M laorease,^' '/further Jn::order':'td,:cdm|H?hBte';forth0^ oihlcmdln'Ite'uriMr 
;: a qnantity ;o!;hlopd, from, a* healthy tjow wa^ to mi affeetoci:am.mai ' 

but jio amelioration reBiiitech At autopsy" of experimental animals, lesions of tuber* 
etilosis have hem rc^corded from most animals btit no explanation for tins unusual 
finding has heen offered. In the small animal tests, 4 white micc^ S guincm pigs 
and 2 rabbits were inoculated with 1, 2 and 5 e.c. of strongly blocxly urine at the root 
of the tail but no reaction was noticed in life or on dc!struotion. 

Prom the above experiments and the failure to find any parasites in the post 
mortem examination of clinically affected cases, the author concludes that the disease 
is not transmissible, is not contagious or infectious, and no parasite is involved in 
its causation. 

Again to tc^st whether aijy general pMsoning through acids can set up haomaturia, 
commercial acids and spring WT^ater from uotorious loealiti{\s w(‘i*e test<Ml experimentally^ 
by administration to healthy animals in such high pro})Oitiojis as ntatluT Mh' fodder 
nor the water of enzootic areas coukl possibly conl.aiii rejnemberiiig of course that 
3ven if such conceufrations \vere possible in nature, cattle wouhl surely refuse to t.ako 
them. Increasing dos(‘H and varying concentrations of nitric^ aeiti (up to e.c, of 
0*17 to 0*30 ]>fcT cent solutions), silicic acid (solution containing up to 50 gnus, of 
Potassium silicate in 0*29 to 1*00 per cent sohdioii) and tlxalit:* aokl (170 gnus, of 
Oxalic actid in 0* 2 to 2*43 per cent soluf ion) wen? givtai In drinking watiu* tiViT a length 
of time. No changes wrsre lioiicc'd in any of tht^ animals. On tin? basis these experi- 
ments, the atdhor coiicindes that these emuinon acids do not cause haeinaturia in 
livijiig animals, anti that the wat(‘r from enzootki art*HS dot\s not (‘(ailaiu any virus or 
bacteria eapabk^ of transmitting the disease, bS, A. D,]. 






leJraiteOT-ent de la- 'Fii*©^^ vtBm des bovides 

- due a Piiroplasma bigemmam (Smith et Kilborns) [Acapriaa in. 'the 
Treatment of trueBavme Pir0pla8n:0sis due to Piroplasma bigemiiiiim 
(S&OTH and KilboE'ne] Cernaianu, Ikdef, T., & Badeseu, T, {lihlh). 
Bull Soc. Path Exoi^ 28, 804--806. 


During 1934, the attthors suecessfully UBcd Ac^aprtrv) In the treatment, of twelve 
bovmes, the majority of wdiich showcxl very stwaTo symptoms of Bahemn hhjemlna 
infection. The protoeok of tlmx^ of these animals are given aixd from thrs<* it would 
appear that in all eases a marked amelioration of the clinical symptoms ^‘sultfxl within 
24 hours of drug Inj^xjtion* Po^ir other animals, wdueh were in a highly advanced 

drug mtervmtion, -During’ 10S5, the authors treated fourk^en furtiior animals showing 
mappetence/an icteric condition of the miimm membranes and symptoms of haemo- 
globinuria* and recovery waa obtained in nine of th^e animals as the result of a single 
ip|e 0 tion of Aeaprine, 
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li the treatment is applied within the first three days of the disease, it nsually 
lilflfeults in a ctira, bnt in cases of massive Infection of the circulating blood, the injea- 
^ tion of large doses of Aeaprine is liable to canse death as a result of liberation of toxic 
products from the dead parasites. The drug is also contra-indicated when there are 
symptoms of acute intestinal disturbance present, such as haemorrhagic enteritis. 

The dosage recommended is 2 c.c, of a 5 per cent solution of the drug per 100 
kg. (220 lbs.) bodyweight, administered by the intravenous, intramuscular 
or subcutaneous route. [8. K. S.] 

Sur l^avortemenl epizootique des bovides. Un traitment nciiveau» fA new 
. tyeatmexit tot epissootic aboirlion of cattle.] R* Morssn. (1935), Bec» Med. 
Vet CXi 906--^919. 

The article deals with the elaboration of a new theory to explain the incidence of 
epizootic abortion and related conditions. Various authors are qiioted to support 
the contention that in the great majority of eases the presence of Brucella ahortm is 
not sufficient to induce abortion, and that cows giving a positive agglutination titre 
and yielding cultures from the milk and blood may yet continue to calve normally. 

The theory is developed that Br. ahortiis is an organism which is not primarily 
pathogenic, but that it is capable of assuming the role of an invader when conditions 
favourable for its dcvelopnxent are created. The fistulons withers of hors<‘s that arc 
associated with infection with Bi\ ahortm is quoted as an instance. Here the disease 
is not capable of bc'ing artificially^ rcproduct^d by the injection of virulent cultures of 
Ur. abortus deep into tdic tissues at the point of the witlici's, but the subcutaneous 
injection anywhere into an infected horse, of a killed culture of Br. abortus^ results 
in the formation of a suppurating local tumefaction, and the presence of living Br. 
abortus in the pus can only be explained trs duo to migration of the bacilli from the 
previously existing focus of infection to the site of diminished resistance. The aiithoi’ 
considers that Ur. abortus is ubiquitous in nature and that it easily gains an entrance 
tl;"' blood stream. Circulating with the blood it settles and develops if a site favour- 
able for its development is met with. In the ease of fistulous withers, a local injury 
to the tissues is the predisposing factor. The hygromas of cattle is another instance of 
the same type. 

Ejiizootic abortion of cattle is considered to be another disease of the same order, 
except that tht^j x)ninary cause is a different one, being a deficiency in vitamin-E. It 
is a disease of the foeims and the intensity of the damage caused, is in direct proportion 
to the <lcgree of deficiency, and is evinced cither as sterility, abortions or death of 
the new-born and retention of the plaeoni.a according m the deficiency is nearly total, 
moderate or only slight. A total deficiency w^ould lead to early death and absorption 
of the foetus with consequent sterility : and this sequence of events following total 
deficiency in vitamin-E has already been experimental^ proved, by Evans, to take 
place in the rat. 

A partial deficiency in vitamin-E cannot by itself bring about the death of the 
foetus and it is here that the pathology of the Ur. ahortm infection comes into play. 
Hie requirement in vitamin-E of the foetus increases with the increase in its owp rat§ 
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of growtli int ife’bovmavJ^eoieB it is between tlie' Btb.and ^tb, montb of geata- 
tion .' that' ;tbe ,'growtb' mte’ attains 'ife maximnm* ; .At this . period, ; in tliose - ^mm of , 

' ' moderate' defieienoy/tbaanppfy:^^ ¥ltamm^E:.ialIs fersbort. of ito'reqnirementB/.of tbs. 

■ ■ ',;’footns. ' '■'AMerstfcTOB' prodneed;ln '■ 'tbe .vfoetal: tisane;; 

; '■'■ loealise and cause Imions that lead to abortion. 

, '■■; :,Wb 0 ii tbe’deficiency in vitamin-E 'is;:sti!l less, abortion 'doss no :;:'Ioiig6r' .■ tafe place, 
but'' tbe; ;new-bom', ,;calves' soon become- victims' of ■ pyossptfe'asmia'. ■' ■; .' ’The ,'■ explanation "; 
for this lies in the fact that the lesions caused by Br, ahoriua, alihough not extensive 
enough to cause abortion, are nevertheless, aiifBciejit to break the placental barriers 
permitting the infection of the foetus with coli and paracoli of maternal ongin. This 
infection breaks out into a septicaemia a little time after birth when the calf is no 
longer defended by the antibodies of the mother. 

The retention of the placenta is considered to be due to a slight deficiency in 
vitamin-B which does not permit the invader to cause anything more than a slow 
inflammatory process and this is said to bring about adhesions with the cotyledons. 

Tlie factor B is a fat soluble vitamin, the chemical comjiosition of which is still 
undetermined. It exists in the sprouts of the graminaceous seeds. From the seeds 
it passes into the young plant and wheii theBC plants come to Ivear seeds, no trace of 
the vitamin is left in them. Soil, moisture and atmospheric factors may infiueneo the 
fonnation of vitamin-E in thd plant. This vitamin is therjxiostable but is rapidly 
destroyed by oxidation. The best form of ait ilkhally administering it is as an oil 
expressed from the sprouts of gTaminaecoua seeds. 

Animals usually ref use to consume t.he hard seeds and the young plant is, therefore, 
the only soureo of viiamin-E available for them. Ineidontally it is mention<^d that 
abortions are not noticed durixig the spiking and tlie suininer whem animals get plenty 
of green fodder. Vitainin-E is excreted through the milk, so the need for this factor 
is much more in animals that are intc*nBely bred for the yield of milk. 

It is claimed that abortion is amenable to treatment based on these assumptions. 
The treatment consists of three subcutaneous injections of SO to 40 c.e. each of wheat- 
germoil, the first to foe injected at the time of service, the second at the end of throe 
months and the third at the end of six. Tlie <Iosage may leciiiire to be increased in 
regions where the natural deficiency is great. When tlie dosage is correctly estimated 
success is complete. 

It is also emphasised that the treatnumt is one of ]xrevention and not mo of mire, 
Wot the treatment to be effective the first injection ought to bo given at the time of service. 

The author treated 7,000 eows on the basis of tbo principles already enririierated, 
and the claim is made that in all those eases in whieli proper precautions had been 
.taken m regards dosage and time of intervention, the treatment, whether for abor« ':- 
tion, retention or xnortallty of the new-born was invariably attended mill successful 
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(With Plates XX & XXI) 

Intbodtjctioh 

Eowl-pox is a contagious disease of birds due to a filtrable virus 
and is cliaractorised by the appearance of wart-lilre nodules on the head and 
cheesy diphtheritic membranes in the buccal cavity with or without oculo-nasal 
discharge. One or all of the above lesions may be present m the same bird. 

At the instigation of this Institute in 1934, specimens in the form of dried 
crusts from suspected cases of fowl-pox, have been received from various parts 
ot India for confirmation, and this has enabled the writers to study the disease. 

As detailed in Table I, so far 22 specimens have been received, out of which 
15 w-ere found positive to fowl-pox, and of those, three received from the Madras 
Presidency gave rise to the devolojunent of diphtheritic lesions in the buccal 
cavity in addition to the cutaneous lesions, on subinooulation over the feather 
follicles of healthy fowls. Advantage w'as taken of this opportunity to study 
this diphtheritic condition in some detail. 

A review of the past literature shows that the nomenclature of this disease 
has been rather confusing. Each lesion aiipears to have been named separately 
and amongst other names we have chicken-pox, contagious epithelioma, cf?i#vr, 
avian diphtheria, and roup, although it is now known "that these conditions are 
only different manifestations of the same disease determined by one and the 
same virus. 
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While stiidyiog the diplitlieritic form Moore [18B5], Miirsimll [10CK)] and 
Jacfciey [1918] were of opimoii that haett^ria might be the eaime but could not 
confirm their ideiitlty. Jowott [1909] stated that i^ouib and luouih lesions were 
etioIogicaUy distmet. Ward was the first to rehite roup etioiogieally to 

chicken-pox. Haring and Kofoid [iOll j tiomonst!%‘iied r»e]l inclusions of eluekon- 
;■ pox in the eheesedike , lesions of the nMmth anti throat of fowls. Iladhy and 
Beach [1013] believed that tlie head and month foiius were tlilFerent ma,.iiifesia« 
tions of the., same disease.. Mack and 'Records [.19'i5j sliowed evidence tliat chicken- 
pox and avian diphtheria were etiologically idi^ntical but did not draw positive 
conclusions. Arloing [1911-12] diiTeroatiared false and true fowl-pox diphtheria 
by histological methods. Jackky [Inc. r/bj while .studying roup, incriminated 
an organism of the Paslciiriil(^ Reach, Lothe and Jla]]>in [I9ir>j allowed 

in an outbreak of ehieken-pux and avian di[jhihcria that the liigh mortality was 
due to secondary invading haeteria althougli the primary cause was a liltral>h> 
virus. Ifrora the study of Bnmikw and 8nuok 1 1.9 id] it seems that all hough, there 
is a virus and complicating conditions induced Hceoiidary haciorial infci'tiua, 
neither factor alone would emise a ty|)ic^al tliHc*as<3. Doyles and i^Unett [li)27J 
studied tlio identity of wartdike growths on the head ami iliphiheritie lesions 
in the mouth and confirmed that comb and mouth iesions in the t‘ase of fowbpox 
w^oro duo to the nanm virus and Immunity to one funu could het up with 
matoial .from aiudher form. Rhoi’o was no evidem,‘e that bacsietia iihaio could 
produce typical mouth lesions, the |>rijnury action the spcadfic virus !»ejiig 
essential. 

PnnroBB, ;Of': ^ 

Experiments have been conducted to study the ii*aiismissif)irit'y of the virus 
V : theMiphtheritic deeioiis, :its ■ :t6hdcmoy.^ l^^ .Its etiological idantity ' 

with the ordinary cutaneous form of fowbpox as commonly IVamd in India, filtra,- 
bility of the cauBative virus and its immunological i<lentity with our stock fowl- 
pox virus, which was obtaiiKHl through the (‘ourtesy of the Vetininary J^aboralory 
of the Ministry of Agriculture, Woyhrklgc, England. 

:'btFEXBnimrai!An/fm^ 

A specimen of crusts w^as powdcnxl md ta I imv cent ej[milHi<Ei was imuic 
after the method of Doyle and Minott [hxi, eif.] with a slight modification that 
instead of ordinary saline, 80 |>er cent glycerinated Baifne was uml in its prejiara- 

fied portion of the comb in the case of cocks, and in other birds over the feixther 
follicleB of the log after pulling out a few feathers. Two healthy fowls and a 
fowl immune to our stock fowRpox virus (Weybridgo strain) wore used for eacli 
spedbnen and the results wei^ reported after a fortnight’s oliservation from the 
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date of inoculation, except in the ease of negative results, when the fowls were 
auhjeeted to an immunity test with the stock virus to exclude the possibility of 
their having a natural immunity to fowl-pox. 

In no case, except for the special purposes recorded in this paper, was direct 
inoculation ever done over the broken or unbroken mucous membrane of the 


Table I 

ResnUs of biological test on specimens, for evidence of fowl-pox infection 


Result of biologlea 
test 


Serial Speeb 
No. men 
No. 


Ileceivcti from 


Date of 
receipt 


Nature of 
material 


Immune 

Healthy fowls 

fowls (Wey- 

bridge 
strain) 


Bemarks. 


50 Principal, Madras Veteri- 
nary College, 

69 Stiperhitendent, Civil 

Veterinary Department, 
Bangalore. 

70 Veterinary Assistant 

Surgeon, Jamtara, 
<B, & O.). 

85 Siieeial Omcer, 0. V. D., 
Muzaftarimr, (B, & 0.). 

117 Y. A. S-, Confeevaram, 
(Madras). 

121 D. V. S., Nagpur, (C. P.) . 


Dried 

crusts. 


Positive Negative C'utaneoua le- 
sions. 


Positive 


Outaneoiis 1©- 
siona. 


122 V. A, S., Cuddalore, 

(Madras). 

123 Principal, Madras Veteri- 

nary College. 

130 V. A. B., Jvumbakonam, 
(Madras). 

139 D. V. B., Lucknow, (TJ. P.), 

150 V, A. B., Bajapalyaiu, 

(Madras). 

151 V. A. B., Nothapeta, 

(Madras). 

107 V, A. S., Anakapalle, 
(Madras). 

220 V. A, S., Deoria, (IT. P.). . 

2t0 V. A.S., Kumbakonam, 
(Madras). 


Negative Do, 


Unfit for examination ? 

Positive Negative Cutaneous ie 
sions. 


Negative Do. 
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Table I—{contmMcd) 

Ki^siilt of bicilog|e;il 
.■ test 


A- 



gf^riai 

Xo. 

inon 

No. 

UocuH^ed. froiii 

BBte of 

rocp'ipt 

' 

Natiirf^ 

of 

DiaierJa] 

Ifpailhy 

fouls 

■ ' ' ■ 

Tnimniio 

fowls 

xwer- 

hrhfop 

HtriUii) 

1 K^mrirks. 

1 ■ 

f . ■ 

[ ' 

16 

285 

V. A. B., 

UtRsaBpur, 

12th June. 1035 

.n r i a (! 
erimts. 

■ 

Ifosiflvfe ■ 

H-pgatlv^y 

i 

I Cn taueoiis le- 
Floim. 

. .:n 

007 

1 . . 

V. A. S.. 
(A!{Ulra>^). 

(^uun.Tuuro, 

20th Au^{., 1035 

Bo. . 

. 

: ' ! 

D... . 

■ ■ Bo. . 

CutmuHuw ami 
hiiCi^Sli ■ In- 

HifOlH. 

18 

420 

nitfo 

, 

lath Bi'-pIm 1X35 

. Ba 

1 

B0. . i 

Bo. ... 

Bo. 

n 

30 

.Oitfo 


20f.!i to., 1036 

' "B(h .| 

;; Bo.: . j 

Bo. ■; 

Cui'uuu'ma Ic- 
; Bioiw. 

1 ...... ^. 

to 

84 

V. " tX, 

ill i‘.). 

XBokrKHVi 

•'l5«i Mm 1 

'' ' 1 
■ 1 

.:..to , 'j 

■■ Bo. ■ , 

' ■/m, : -. j 


at 

120 

' V. '■'A," B* '' 

. '(Utdvm^" ■ 

■i 

rhjngi*‘rBti 1 

1 

11th Mhr.v Mhi6 I 

: ! 

! 

.' .Ba j 

j 

^ ifo/:'; 

Bo. . 

Bo. 

22 

103 


i 

f 

’ ! 

■ ■ , ' ' [ 

6th Ainlh 1030 

Ba'.. 1 

Bo. . 1 

Bo, . 

e«taaf?om anti 
h«pcal le- 

sions. 



: ■ Coiiolusion:^:— Froia: .abov'e .table, II; tliat tlie fowls imuiimiKecl 

■ 'l#tb tHe.l¥eyteidge;strain''of id.wbpoX'T^ of tlilB 

virUsS, proving their immimologleai ideatit5\ 

TbANSM'^STOK 

On Bubinocnlation over the feather fullieh^s t>f the leg, ejnulsion |)re|>are<l 
from Hpedmeii No. reeeiverl from Cainuuu>fc% MndraB, gave rise to tfio 

development of fowl-pox losimiB over the leg and diphiheritie memhraneH in the 
bnccal cavity in the ease of hc^althy fowls whu*h evaujtnally dicHl, whiTcjas the 
immune bird showed no lesions of the disease and remained «|nit€ in^althy. Post 
moHem examination on the dead fowls revealed oxtemsive hnceal It^sions extend- 
, ing into the throat (Plato XX, Fig. 1}. On histo-pathologioal examination, the 
usnal features of a diphtheritic lesion wore oheerved and on. oultnral examina- 
.. tion Ms(^.nchia mli communior and Sireptocoeem faemlia were isoiatoL 
' , Death was not very common in fowls exhibiting cutaneous lenions only, 

^ and in the. above ease the fowls evidently died on account of tho acute buccal 
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PLATE XX 


Fig. 2. Buccal diplitFeritio lesions isprodiiced in fowl 
No. 256, from tlie buccal material of fowl No. 229, 


Fig. 1. 


Buccal diphtheritic lesions of fowl No. 229. 
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DIPHTHETOTTC FORM OF 

Two more specimenB (Nos. 429/1935 and 193/1936) were received which on 
biological test also gave rise to the development of the buccal form of the disease 
in addition to localisation over the feather follicles of the inooidated leg in healthy 
fowls, whereas the immiine fowls did not react. 

In neither of the above cases was the viriis eimiMon applied in the month 
bnt on the leg onlj^ From the above tests it is confirmed tliat the etiology of the 
mouth form and the cmtaneons form is one Cviid the same, and the virus in the 
above cases has produced the mouth form without any direct inoculation into 
the buccal mucous membrane. In otlier words it seems that the above samples 
of crusts on siibinoculation into healthy fowls induced a reaction of a greater 
severity and probal dy caused generalisatkm of the disease. 

■ Tablis II' ' 


Trmismissum experimenis 
Specimm No. S97/19S5 


One per cent emulsion of crusts in 50 per cent gly cor iriated saline inoculated on 2nd September, 

MRJS over ientbor 


Healthy Imrriiine to fowl-pox virus (Weybiddgo 

1 strain). Fowl Ho. 218 (no inaction). 


Fowl No. 229 (reacted, leg and niouth legions ? Fowl No, 228 (s’eacted, leg and mouth lesions ; 
died on 25 th Sept ember, 19S5). died on 26tli Septoinbor, li>S5). ’ 


Sf dine emulsion of the diphtheritic material obtained from the buccal cavity, inoculated 
into two healthy fiiwls on 27th September, 1935, 


Orcr the feather foUidrff, Over the searifierl tmccal mucoti.9 membrane. 

Fowl No. 25.^) (r-{‘aeft‘d, and mouih b\>\\’l No. 256 (imetoch buccal lesions 

lesions ; dii'd ou 28th Oeaobev, 1935). reproduced ; destroycil on 22u<i October, 

1 1035 for photographic puiposes.) 

L.. 

1 Uycc'rinaf Of! saline enmlHiun of the lamsts obtained from leg lesions, inoenlatod over the 
genrified buccal mucou.s membrane of t wo healthy fowls on iSfcii November, 1935, and about 
a do 5 C«)n feat hors pulled out from a leg in each case. 


¥n\vl No. 303 (reacted, typical Tmccal lesions Fowl No. 804 (reacted, typical buccal lesior.s 
only ; <liod on 24th Novembor, 1985). only ; died on 2Srd Nov., 1935). 


The virus is being maintainod by passage through fowls, 
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From Table 11 it will be observed that inoculation of the leg alone in the 
easeoffowlNo. 235 gave rise to the lemons in the month in addition to the 
localisation over the feather follicles of the leg, giving a suggestion, of generalisa- 
tion of the virus in the body of the fowl (Plate XXI). Fowl Xo. 230 whicli 
was inoculated over the sciuifled buccal mucous membrane showed the dmrelop- 
ment of lesions only in the mouth and not in any other part of the body where 
all the feathers were intact (Plate XX, Fig. 2). This is in accord with the 
findings of Doyle and Mnett [Zoc. rif.] who lailed to infect a fowl’s leg from 
which feathers had not been plucked. 

Two fowls Nos. 303 and 804 were .snbinoeulated with the virius in the mouth 
on 15th Novemhor 1933 (Table IT), and at the same time feathers wore plucked 
from the leg but no application of the virus was done on that site in either case. 
Both died after a week showing .severe diphtheritic lesions in tlie buccal cavity, 
but without showing any lesion over the plucked uriYi. Tht> .severe mouth !(>sions 
apparently caused the death of tlie birds too (juiekly to allow the cut, •menus lesion.s 
to develop through generalisation. 

Two fowls were scarified In tlie mouth with a sterile scalpel but no virus 
was inoculated. No lesions wciv observed in i.he moiifb in either ease, indieaiing 
that the micro-organisms noimally inhahiting the bueeal cavity of fowls w.an 
not able to prodiico the diphtheritic ]e,sions witliout the prasonce of fowl-pox 

virus. 


Viability OE’ THE viEtns in filtrates 


Material fiir filtnition was obtain lesions of two fowls 

and cutaneous lesions of fowl No. 23.3, in whi<‘h the lesions w<w protiueed from 
the same origiiiW diphtlioritiu buccal inaferial of Ibwl^ No. 228. The matmal 
was gently removed w^itb sterile ftrtTieps, and, n.iild wash in normal salme 

solution, was pulped and emulsified with tlie be make a 1 per cent 

omulaion. The emulsion was left at room b'^miwrature bofure filtrat ion lor tucidy 
Minutes 

^:;^berland: l,.::';3,cdferkfifeld 

fowls were inoculated with the filtrates, as detaikid below iu lahle ill and wiie 
subsequently put to immunity tost with the stack vims, with the result that 
Berkefeld ‘V’ filtrate was, found to be viable whereas Chamlierlaml L. 3 and 
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PLATE XXI 



Leg lesions produced in fowl No 255, from tlie 
buccal material of fowl No. 229. (This fowl also 
showed diphtheritic lesions in the buccal cavity.) 
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rea^teU to specimoii No. S97/I9:i5). 


iCBufcal leslf:?!?* of Fowl Na. 2iiB v^lmh 


DisecssioK. : 

From the results of the transmission experimimts it is evudeut tla the dini.. 

anTtlrit X 1 X X India, besides the eiitaueous ibrm, 

and that the two fomis are due to the same rinis, which is immuTufederdiv 
radiBtmgnishable from our stock Woybridgo .strain of tlife virus. * 

Positive results with the Berkefeld ‘ V ' liltrato of the material orhunallv 
obtained from the bueoal cavity of foul No. 228, exhiWtin.r the diiihtbi.rith. 

fomi of fo,v|.,,„s o„<l ImMitj, „f a,„ „,i, ,|"' 

the it I.il|„l u„, Z "■■■“ “"-"‘"-’I 'Viti, 

Imd thorebj, 2 Lf “ I' '''’■arr, 

j Sifueieauiei foihcle.s. It was only m one case (fowl Ko. 256 ) 
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that the bird lived for about four weeks after the inoeulatioii of the iiiaterial 
ill the buecaJ cavity, possibly due to varying individual susceptibility, but in 
that ease the feathers had not been plucked and lesions m^ere noticed only in the 
mouth. The explanation appears to be that unbroken skin does not take the 
virus from the body. Lesions of the ociilo-iiasai form of the disease were also 
observed in subsequent passages of the same virus. 

Doyle and Minett [loc. e#.] clesoribed the possibility of generalised symptoms 
being set up by inoculation of the virus intravenously, subcutaneously and intra- 
muscularly, although the lesions developed in a varying degree of severity, 

In comparison with those cases where only localised cutaneous lesions deve- 
loped, there was a greater tendency for &tal temiination wlien generalisation 
occurred, with the additional production of mouth lesions as was obsorved with 
the strain under study. In view of its highly virulent nature it is being main- 
taiiied at this Institute, 

Summary 

(1) A survey of the past work on fowl-pox and several olJior allied condi- 
tions, now known to be etiologically ojie and the sumo, has been madt\ 

(2) Experimeiital transiiiissioii of diphtheritic ](^sioiis from the looulJi of' 
fowls has coniirmcd that the causal agent, n tiltrabie viiais, is t-lie same as tlmi 
w’hieh produces fowl-pox lesions on the skin in India. 

(3) The Indian strain of fowl-pox virus is hninunologically indistinguish- 
able from the We 3 ^brldge strain. 

(4) There seems to be a tendency for generalisation with this particular 
strain of tho virus (obtained from Cannanoro, Madras) although this has not 
been Been in tho case of specimens reecived from other |>rovin(*es In India-, so far, 

(5) Filtration experiments Juivo boon coialuctcfl with this strahi of the, ? virus 
and Borkofdd ‘V’ tillrati* has given positive results unlike- Cha-mberkual L. 3 
and Berkcfuld * N ' lilkutcs. 
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'Vdmmry, ImmiigMim' 

I for poblicafeion on 27tll AuguBi, 1036] 


Boyla’n cliBO/tso, which iB ooxnmonly known in Italia tin lianikhat diBouj^Jc, 
IB a diaaaBe of the graat^nt ocoiioiiiic miportaneo an it raukH fir^t aniongBt the 
of fowk in (‘.ausing mortality. It wan iirBt roeogniaeil in tiie IFnitmi 
Kingdom by Doyle in 1926 and In India by l>r, Edwartk in 1927. Since then 
it has been found prevak^nt in certain other parts of the world ; Pieeard found 
it In Java in 19285 Eodier in the Philippine in 1929 and Ochi and Hashiinoto in 
Korea in the same year. In the Bombay PresidcButy i lui disease was first reeog« 
nim^i by me in tJie year 19S2 and materials fnm the artificial iy Infoefod fowls 
were forwarded to the Imperial Institute of Veierinai‘,\' Mesearch, Muktasar, for 
confirmatfion. Tt is ako iiiKierstood that the (iisease is very twicnsivcdy ])re- 
valent in various parts of India . It is a fatal tiisease and whenevei* It breaks out 
in a village it wipes out the major portion of the fowl |M^p^lfaiit>^i if not the whole 
and m a result pouitry-breoding industry is sustaining vory heavy losses every 


year,. ■■ . . 

Unfortunately no earatiye treatment or prophylaxis againnii the disease 
has been found out as yot. AH efforts nmde by dillm^iit workers in fhis reB]ieei 
have, so far, proved abortive ; Ikyle [1927] trioil licat-killed vinm without sue- 
(.ms ; he, however, oxperimente4;l witli an anti -serum projian^l from ducks 
and found that birds treated 'with it failed to contract tlie dkeaHe by contact 
■lint died when artificially infected. Cooper [1931], on the other hand, succeeded 
in jirotecting birds against artificial infection by injecting serum prepared from 
immune fowls. But as tlie quantity of serum obtained from a, fowl or a duck is 



extremely small this eontrl)>uiion to the knowledge of Imninnology has serveti 
no practical purposes in dooling with the disease. D^rvle [1927] farther tbund, 
ill Great Britain, that foriuaMnised virus when uftpiied by the subeutanc’uim route 
afforded considerable protection against Batumi infection hut imi agninst- aril- 
fictal one, whereas all attempts made in India at the hnpCiriaJ Iimtiiuk? of Veteri- 
nary Eas^roh, Muktesar, to prepare such a product cither by treating the vital 
organs with chloroform or formalin or by desiccating them it? mtctm have proved 

•r- lB,tba lay press in India one frequently comes across reports, evidently 
'■rotten by fowl-breeders having little knowledge of the disease, and nicadicineB 
'Olaimtag good r^nlts obtained by the oral adniiniBtration of kerosine oil or some 
other -stuff ■■ But it is needless to say here that they have proved utforiy usek^ss- 


mi®: 


OByiiiEVATlONS ON DOYLB’S BXSBASE OF FOWLS 

In the Western countries the disease i>s stamped out booh after its appearanoe 
by destroying the affected and in -contacts and by thorough clisinfectioii under 
legislation. It is possible to do this there easily without great loss as the disease 
is of rare occurrence. But, in India, the disease has found a permanent hoxiie 
and it is impossible to control it as there is no such legislatioii. Even if the latter 
be enacted, still it would not be possible to control it on account of its exteneivo 
prevalence all over India and the paucity of the members of the Civil Veterinary 
Department in the Provinoes. The only course left to India, is, therefore, to 
iiixd out an efficient prophylaxis against the disease. 

In the past I tried intravenous injeetions of formalin and Lugol^s solutions 
in a certain number of outbreaks without any success. I have also tried the 
oral administration of the concentrated solution of potassium permanganate in 
brandy and 0*3 per cent hydrochloric acid in milk at the recommendation of 
SDxno Americaii^ M people in India with the same negative results. 

During the last Christmas the disease was found prevalent at the Raniabai 
Mukti Mission oonipoujid and I tried intravenous and subcutaneous injections of 
l"ry panblue at the doses of 1 to 4 c.c. of 1 per cent solution as a curative and 
preventive treatnient and found that tlie drug posse^ssad considerable prophylactic 
value. Systematic experiments were thereupon undertaken to ascertain the 
extent of this value under artfficiai and field conditions. 

Prophylactic value of Trypmihhtc umder artificial condUiom 

Experiment 1 . — Twenty birds which wore susceptible to the disease were 
subjected to the experiment as folioxrs ; — 

3 fowls injected xvith Trypaiiblue and infected artificially on the 7th day, 

3 fowls injected with Trypanblue and infected artificially 24 hours after. 

2 f(>wds in j octet 1 with Trypaxd)lu.o and infccted artificially simultancjoiisly. 

3 l‘owls injoeted with Tiypanl^luo and exposed to contact infection on the 

7th day. 

3 fowls injected with Trypanblue and exposed to contact infection 24 
hours after. 

2 fowls injected with Tiy panbluo and exposed to contact infection simuh 
tancously, 

2 control hwls infected artificially. 

2 control fowls exposed to contact infection. 

20 

The dose of Trypajiblue was 2 to 3 c.c, of 1 per cent solution in normal saline. 
The birds whicJi ware simultaneously injected with the virus or exposed to 
irdeettion re(;;cived the drug intravenously and the otliers by the subcutaneous 
route. All birds "were kept in a small mom and were forced to eat and drink 
from common tbeding and drmking troughs respectively. Sick birds were not 
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10 j Coetol 
16 \ CcHjkrel 
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All fowln got afiiu'iod wifh tlie ^liseaKo aiul died within iwoive days 
two which te>o wore ill an<l were, ihoridbro, dcKirovod to wintl up i\m ixxporinieni 
in order io enahle nw to attend to urgent duties a wail ing elsewhere. Utese 
resiiltH rfiow that trypanhlue failed lo prottu t ihv birds when they were inleeii‘d 
artijSeially or expfmed to heavy infeetiim under artdiimil eondiiions. 

Pfojfhflaoto vataa o! Ti^ypaBbtae under Md eoaiitioBS 

, St$pmmmi S.^TIds eicporiment earritMl out at Kedgaoiu a village in 
Pooh# Distriet, . The diseaae had brohen out tliere on 20tli. IX^jembor' i03i> and 
^ had iq^eted a heavy loa$ to the village m more than 300 fowte had <lied. The.' 

waa imdertakm on the fowfe which wwo loeatixi in one strec^t wheie 

wp® 88 attw^, 87 deaths and one “ stilJ affeeted Two hundred 
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OBSHEVATIONS ON DOYLIjI's DIBBASEi OF FOWLS 

and fourteen fowls were protected witli trypan blue soiiition at the rate of 1 to 3 
c.c. according to age. The drug was in|ected intravenousiy in some and sub* 
ciitanoously in. others. Ail fowls were allowed to move about as lisual and re- 
main in their OTO pens. Only oiie of these birds shoAved s^aiiptoms of the disease 
on the 7th day aifor injections which was thereupon destro^^ed and burnt. 
other birds remained perfectly healtil 3 ^ Details of these fowls are given in Table 
11 . ■ ^ 

The results obtained in tiiis experiment show that trypanblue alForded ade- 
cpiata protection to fowds subjected to its injection and field 

conditions. 

Ev^jmimeMt 3.— A similar experiment as the one preceding was niiclertakeii 
at the village Bori, in Poona District. The disease had broken out there on 7th 
January 193(1 and there w’ere 123 attacks, 116 deaths and 8 still aifected 
Fifty fowds which were appar’cntly heirltiiy were protected with tryparibliie ^ a tlie 
doses mentioned already, in the affected locality and were allowed to remain 
under natural conditions. Aifected fowls were neither isolated nor destroyed 
although owners were advised to do so. Amongst the fowls proteefod, throe died 
of the disease : one on the third day and tv’o within a course of a week. 
All others failed to contract the disease w'hiio, it is reported, that aboiit 50 un- 
proi.ceted fowls died subsequent to the ])rop}i 3 da,etic injections carried out ixi the 
village. Details of the protected fowls are given in Table II. 

Those results sluw that 04 per cent of the fowls protected with trypanblue 
fill led to contra ct the infection of the disease under field conditions. 

Ex.;pmmeM 4, — While I wa*s carrying out experiment 1 at Kedgaon, Rev. 
J. E. Norton, B. 0. H. Mission, Dhond, personally' requested me iio save the ftnvls 
of tile Mission workers at Dhond from tia^ ja ws of tliis disease which was pro* 
valent there since Mth January 1936. Ihvo hundred and twenty-four fowls 
had already^ died of the disease and there wcu’o six affoeted. Reserve Veterinary^ 
Assistant Burgeon, Nemade, who was attiudied to my^- office tiunporarily was de- 
puted there, who injected 142 fowls which were apparently^ healthy with the same 
dose of trypanblue as stated in the previous pages. They were allowed to move 
about as usual and to remain under the sauu^ field conditions as they were before. 
1 checked th(3 results 61 days after and found that the disease had subsided about 
9 days after the injection and that 29 fowls from the protected lot had died of 
the disease ; 13 died within 5 days, 15 showed dullness from the second, day 
after injection and died within a course of a week and 1 died on the 8th day. 
Details of tfieso birds are given in Table II. 

These results show that the percentage mortality^ among the birds protected 
is 20 '4, But, it would appear, by^ a close study of these fowls and referring to 
Table II that out of the 29 fowls 28 were in the incubation stage of the distjase 
at the time of injection. For, in experiment 1, ifc has been seen that the minimum 
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period dyiing whioli, death has ocei.irred as a rc^siilt of ooiitaol- mfeetioii is fire 
days, if all deaths that have occurred within this period and also those which 
have occurred witfdn a. weeh foilcnving duIlueBs from the second day are excluded 
the mortality figure comcB to only one, t-lms giving a |)orcH.mtage mortality of OM. 

jf |g a known thing that wheuevor t!ie disease appears in. a fowl house or in 
a closely iiilia-bited locality as that, of the Mission coanpoimd, IMiond, all fowls of 
the house or locality succiiinb to it save a small percentago up to o. But the 
fact that more than 80 per cent of the fowls failed to contract the disease at tins 
institution goes to show that trypanblue had exerted a protective action 
against it. 


8mmmiry of ea'permmU 2^ 3 and 4. 
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■'/. .Them^ reBidtsdiKlicmt^^^ that trypanbiue surelj’ possesseB; a ^ piH3phy!iic4’le 
■ against DoykVs disoaae provided the fowls protected with tlie drug um muintained' 
under field eunditlons where the co.u.centiution of the infective^ material does 
■; occur to':imyvgi‘eat 'exant du h%lrdeskuative action of Ihe ' lieaf^- light. 

and;hirVv-ISie:’pheiiian^ :Of' the' protection alioided by tiypaid>hm is.be,lievei^^^^ 
;;vdo-,be, chin t0:hhe...8atui:^itkEi;ivf th.ed^^ aellB , witfi the drug, dims prodiichig' an 
unlavourabie condition for th<' minimal doses of the virus ordinarily picked up 
under field conditions in multiply in the body. 

A ■::.A.Cp.Ncnu8ioH'y;' 

V:-::;;;;:;’''::fIhtierAtlfo'' listing; k.nawdadge:0f;the:^ Veported; 

^here,;tit^W0tild'';hpp6arV;% tQ'ydidit>t;th0:;i|:iBeiise;::ls^;^ 

;Vy|httpted':hfid,;tp;Vdfv.iS6.:';tibd‘ 

and in-conUct fowls should lie injected with trypanblue at the rate of 1 to 8 o.c. 
of i per cent solution subeiitenoously or intravonously, the latter being prefer- 
, , able. All fowls should be allowed to run about In thi; sim or in the open. 
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OBBSRVATIONS ON DOYLBl'S DISEASE OF FOWLS 

drinking water wliich shoidd be ofiangod every two to throe hours during the 
prevaieuoo of the disease. Examination of tiie birds .shout I lie oarrk*d out daily 
and those sliowiog Hymfitojns of illness shonhi be destroy<-‘d in order to remove 
the infection forthwith. 
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latrodiietioB 

Bovine Basal graBuloma, or to ba more accumte bovine nasal sdiis-tosonila^^ 
seems to exist only in India so far as is known at |)resent» Recently it has bean 
reported from Ceylon. There are no records avallobte to show how lofig ago 
^ this^ disease made ■its appearance .in’ India, but 'Mallviiii: [10^3] says that Its, pre- 
valence has been known in parts of Bihar anil Orissa for over a ceniinry and it 
is more than likely that it existai in tliis (country from tlie rcinotta past. 

The^ morphology and' 'the 'intermediary, hosts of the' parasite, : tiie histo|iatli.o- 
logy and the symptoms of ihm ixaniHar selnstosomia,sls of cal-fic and bullhloes 
' aro' noW:; known. ■ : Still tliera-' are gape in our knowledge regarding 
other definitive hosts, if any, the regional distribution of the disc^rtso, thf‘ conditions 
governing such distribution, its therapy and control. In this paper ilio pifosunt 
authors record their observations regarding its therapy. 

The earliest recorded account of the treatment of this disease is by Jcysing 
Baj [1908] who adopted surgical methods, for which ptirposo he iiivcmte^l two 
scoops. Theagaraj [1919] and Subramaniam [1910] attempted to tvmt Midi 
animals by rubbing a mixture of powdered copper sulphate and alum to the lesions 
ill the nose without sueeviss. 

Barthasarathi [1921] was the first in the field to adopt a Bucet‘:>Hfu1 metlxod 
of treatment by injecting intravenously Bolutions of tartar emetic and th is tlid 
at a, time when nothing was known about the etiology of tlio diHoase. Thijj lisio of 
treatment was followed by Bhuvarahaohari [1922] and others. 

In the annual reports of the Madras Civil Veterinary Departnioat, montiou 
has been made from 1925-26 onwards of the number of animals suecossfufiy 
treated with tartar emetic* It would appear from records available on the subject 
v V ' that most of the work on the treatment of this disease with tartar ometia was 

; done in the Madras Presidency, but the absence of information regarding deaths 

^ . during the course of treatment is conspicuous. In the annual report of the Civil 
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Veterinary Department, Madras, 1931-32, mention has been made of one case 
successfully treated with Antimosan. Boy Chowdhuri [1932] has also recorded 
his experience/ in the treatment of nasal schistosomiasis TOth this drug. 

Perusal of the records on the treatment of this disease reveals several gaps, 
notably with res^ject to : (1) the minimum dose of tartar emetic to elfect a cure, 

(2) the jjercentage strength of the solution of the drug for intravenous injections, 

(3) the length of the course of treatment, (4) relapses, if any, after treatment and 
(5) the mortality during treatment and its causes. 

Experimental work on the treatment of Nasal SeMstosomiasis ■ 

Some experiments were conducted in the Madras Veterinary College Labora- 
tory during the year 1935-36 commencing in March 1935, and the scheme of work 
was so arranged as to ascertain :—(l) the efficacy of antimonium tartaratiim, 
Antimosan and Trypaflavin in the treatment of boidne nasal s<d}istosomias^^^ 
(2) the minimum effective dose of each drug and the necessity for repetition to 
cure an animal, (3) the progress of recover 5 ^ in the animals under treatment as 
ascertained by enumeration of ova in a measured quantity of nasal discharge 
during a reasonable period of time after the course of treatment, (4) whether 
any rela.pse occurs after a cliiiioa] or complete cure, in the ahsonee of fresh 
infection. 

Eleven bovines suffering from the disease, in varying stages of intensity, 
were obtained from Ghittoor district on the 8th March 1935. Tbo history of these 
oases showed that each of them had had the disease for a year or over. Their 
symptoms and the average number of ova in O’l c.c. of the nasal discliargo were 
recorded for over a week before the commencement of treatment. It is interest- 
ing to note that those animals vffiich had gross lesions show^ed smaller mimber 
of ova, in the nasal discharge than those which had on\y ulcerations on a thickened 
mucous membrane. The animals wore divided into three groups and each was 
treated with varying doses of the selected drugs at diiforoat iutorvals. This 
may not help an analysis from a statisticiil point of view, yot it gives definite 
information in regard to tlie most effective and the cheapest drug for the treat- 
ment in this condition. The treatment was commenced in all the three groups on 
the 18th March 1935 and the animals excepting those that died were under 
observation till the 18th August 1935. 

Details of experiment 

Group A . — This consisted of four animals and those wore troateci with tartar 
emetic in the form of a 6 per cent solution given intravenouslj^. 

Bulloch No. 1 . — Weight 252 lbs. Age 6 3 ^ears. Duration of disease one 
j^ear. It had large lesions with intense snoring. The average mimber 
of ova in 0 *1 c.c. of the nasal discharge was 17. It received a dose 
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of 3*75 grains of the -drug (or 1*5 .grains per 100 Ihs,. bodj-weight) 
on mx eoRseeiifcive cloARL T..l.ie total f|iiaiitit;Y of the drug fr.)r the whole 
(Hiursiv of ' treatiiioiit was 22*5 grains. Daily exaraiiiatioii of the 
nasal discliprge B.ho wed that dark and , dead ova began to a^ppaar 
■ from the -fifth day .after' tliO:' eQmmeiiei3Bieiit of the treatment, .and 
the ova disappeaind &03B the day. ■ In .six . weeks the snoring 
and the lesions disappeared. ■ Tlie animal improved in . .condition 
pi'ograssivoly and weighed 365 lbs. befe)re- it -'was destroyed cm. 13th 
■August 1935, ; A: carafiii postniiortem €avai'n.liiatioii was held and no 
schistc^soines coiild be detected in its nasal vcnns and the histological 
examloatlon of its nasal mucous membrane allowed ' that the lesioiia 
had healed. ■ ' ' 


Bullock No. 2.— Weight 308 lbs. Age 6 'years. Duration : of . diseaS'e ■ one' 
year.. It ha^d small lesions a.iKi little siiorinu. Tim average' .number 
■ ■ of ova', in 0*1 cm. of ilia'oasal dia.chargo was 5. ' It was given :9 grains 
of the drug (or 3 grains per 100 lbs. body-meight) repeated every 
fourth day and; received .lip 36 grains in two weeks. In the nasal 
■ dlgehip'ge of this aniiuai, <iaik.a!Kic!ead. ova'begaiitci appear from the 
' ■; third d^iy afer the prima^ry iiiJectio.n ami iio ova could be seen from' 

' the tenth day onwarclB. Idie -other ''.syiuptruns' .a-batefl '.in '3'' 
p.,' This case was oorod and':AYeighed 392. at the eri€l'.aif .■S.m'o'uths,, ; ' 


B'uMock. Ao. l?eight 2I]2 lbs, ' Age' 4 years, '’Dii'ratidri;'()f ;dfeeaBo.'.o 

year. It showed nleoratiim on the twin Hied Basal mucous mombraiie ' 
■■ ■wlth/vary..littfo .In the,;Basal dfschaige, 3S o aiT'aver- 

.■l/';'age, 'were' -found 'ill (hi b.c. It' was' .in j.eeted wit'll:;^ of tartar- 

■ .' ''■■t:^ :em8tie;'pfwde3e.(or , '4 grains per lOl) lbs.' body-weight)/ This animal had 

' ':.;'a.'rfea .in tenperatura ■w4tM!i''48.'' hours after tlia m|e.c'tion. .(103*8'^' F.) 
anddt. 'returned: to normal o sixth day. This .dose :pf the drug 
iVHH repeated on the senumth day. Some hours later its tempera- 
turn rose up to and the animal died 12 hemrs after the injiictlon,'.. 

. 'The' caus0.4:rf -death ^ w'lis ^ perh.a-|"m : due- to antimony : .|)oisom.ng. "Post- 

mortem examination revealetl dead sehistostirnes in the veins of the 
nasal mucous membrane anti also In the clot of IdotKl ft'>und in the 
heart. In this aniimil, the fourth day after ilu? primary hw 
jection, dark and dead ova bt\gan to appear in tlw nasal dkidiatge 
and the total number of ova lessened by the sixth day. 


Bullock No. 4 . — ^Weight 308 lbs. Ago 7 years. Duration of diseano 2 years. 

It had gross lesions in the nose and snored IntenBoly. About 2B ova 
• e p:. ■ . were present in 0* 1 e.o* .of nasal discharge. This animal was injeoted 
■‘f; ]'.;With^l6 grains of the drug {or 6 grains per 100 lbs, body-weight), 

■ 'vV' l^ithln 18phom8...ia&c^.^:the^:^m^ rose. mp,. to. 
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105*8® F. and it was dull and unable to feed or move. It died nearly 
36 hours later. Post-mortem examination revealed a fairly large 
number of dead schistosomes in the veins of the nasal mucous 
memlirane, in the clot of blood in the heart cavities and in the pul- 
monary arteries. The endocardium was inflamed in places and there 
was effusion in the pericardial sac. The mucous membrane of the 
abomasm and the small intestines was slightly congested in small 
patches in about 3 or 4 places. 

Group B , — ^This group contained four animals which were treated with Anti- 
mosan, kindly siipj)lied in the form of a 6*3 per cent solution by Messrs. Havero 
Trading Co., Ltd. 

Bulloch No. <5,— Weight 260 lbs. Age 12 years. Duration of disease 2 
years. It had mild lesions in the nose, with intense snoring. There 
were, on an average, 42 ova in 0*1 c.c . of the nasal discharge. It 
was injected with 5 c.c. of the solution (or 2 c.c. per 100 lbs. body- 
weight) on alternate days till four injections were given. In all 
20 c.c. (or roughly 18 grains of antimosan) were given. Dark and 
dead ova began to appear in the nasal discharge from the 4th day 
onwards. In the course of a fortnight^ the symptoms abated and 
at the end of a month, ova disappeared. On the fifth week, ova 
reappeared though the animal looked apparently cured. It was 
then injected with antimony tartarate at 2 grains per 100 lbs. body- 
weight on alternate days until three injectm^ were given. The 
ova disappeared and lesions healed compietelj in the course of three 
weeks. At the end of the period of observation, the animal was 
perfectly healthy and weighed 398 lbs. 

Bulloch No. 6 . — ^Weight 280 Ihs. Age 6 years. Duration of disease 2 years. 
This animal had large lesions and intense snoring. The average 
number of ova was 7 in 0*1 c.c. of the nasal discharge. It was 
injected with 12*5 c.c. (or 5 c.c. per 100 lbs. body- weight) twice 
a week, till four injections were given. In all, it received 50 c.c. 
(or roughly 48 grains) of the drug in two weeks. From the fifth day, 
dark and dead ova began to appear and all the symptoms disappeared 
at the end of the period of observation. The animal weighed 397 lbs. 

Bull No. 7 . — Weight 252 lbs. Age 4 years. Duration of disease one year. 
This animal showed small lesions with very little snoring. There 
were, on an average, 16 ova in 0*1 c.c. of the nasal discharge. It was 
injected with 18*75 c.c, (or 7 c.c. per 100 lbs. body- weight) weekly 
till two doses were given. In all it received 37*5 c.c. (or 36 grains 
of antimosan in two weeks). Pour days after the first injection, 
dark and dead ova commenced to appear and all ova disappeared, 
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along with other syBiptomSs by the end of four weeke. ' Ova began 
to- ro-appear 18 weeks after tlie first iiijeetioin The animal, was 

■ again treatei with the same 'Close of aiitimosan wliich caused them- 
; to , dimppear In alaBit ten : days, The iiiiiiBal a|>|>eaml .dinicafly 

cured, " 

■■ On 12111' August- 1935,; -this, animal wm seloetccl to try 'tli© effect of 
progressively larger doses of tartar emetic. It was fii*st given 3* 75 

■ grainS'Of that drug per 100 lbs. bod.y-ir 0 ight in one cloa©. Three days 

.'laterjitwi^s giv6xi6*6 gains per 100 lbs, bodynveight and within 
hours tfie animal died.' This shoived a rise in tem-peratnre to 

■ 103'T^/ within 24 hours after the first injection, was 'dull and '.off-feed 
during tha-t period. On post-mortem ©samination, no sehistosomeB 
were found, but- endo-carditis and congestion of the intest.i,oal mucous 
membrane notieed. It would appe.ir, tliereforo, t-hat a dose of 
3*75 grains par 100 lbs. 'body-weight of t!ie drug, may' produce a 
roaetion in. cattle and Is; uiisaJb t-'o' repeat It during- the' period of 
■reaction. 


'■'Heifer No, iJ,— AVolght 19B lbs, i\ge 3 ymm. Duration of disease 1| 
yeai'H. Tl.ds nnimiil was first ii'cated with Try|>aihwi.n and since no 
hiiliroveinent was noticed, it wu-s givaui AntimoHaii from 'thcj 25th 
-Apill 1935, ; It' ;s!.;iowmi large lesions' .and 'snoring' w^as'./'.protMmnced,;, 
Ten ova on tin avera.g<3 w^ex:© seen hi 0*1 c.e. of tho discharge. It 
was lnjca%-<'d with 5 e.c. of tho drag (oi' 2| c.e, periOO lbs, body-' 
W'Oight) every alternate day till three doses were given. No im- 
provemmt was noticed diming the four weeks after treatment. It 
was again injected in the first W’cek of June, with 15 e.c,' (or 7| 'c.c* 
per 100 lbs, body- weight) every alternate d.a}r till three doses were' 
-given,' :At' the- ,0nd\of.foiir^w the ' symptoms abated^ and- ova 

disappoarcHi. There w^as no relapse till the 17tl.i August ]()35 when 
the period of observation terminated. The animal 'weighed 253 lbs. 
at the end of the experiments. It received in alb 15 c*e. or nearly 
14 grains of Antimosan In the first iUBtanco and 45 c,e, or about 
; ■':-^:I;\y'':42:graihs sbeonci coura©,'; ■ 



Group This group consisted of three animals which wote treated with 
Trypaflavln. 

^bf-Trypafiavinyin 

:linprpveteeBt/v'^^^I^ 
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the course of treatment aud became ireak and emaciated. On the 
2 Gth April it was injected with 6 grains of tartar emetic. It reacted 
severely after this injection. The animal was dull, off -feed, and 
amteady in gait though the temperature was iiormal. This condition- 
tasted for five days. A week later, it was again injected with the 
same dose of tartar emetic. 

Even this dose caused a reaction lasting for four days. Within 
three weeks after the last injection the ulcers in the nose and ova 
in the nasal discharge disappeared and the animal was found cured 
at the close of the experiments. Its weight was then found to te 
325 lbs. 

Bullock No, 9 , — ^Weight 210 lbs. Age 4 years. Duration of disease 2 yearn. 
It showed small hut numerous lesions on the nasal mucous mem- 
brane and snoring was not pronounced. The average number of 
ova in 0*1 c.c, of nasal discharge was 84, This animal was injected 
intravenously with 10 grains of Tr 3 ^aflavin in 20 c.c. of water on 
the 18th of March, followed by one gram of the drug in a pint of 
water administered orally on the 20th, 22nd and 27th March. There 
was no improvement nor disappearance of ova and it suffered from 
hepatitis as in the previous instance. After observation for a period 
of seven w^eeks it was injected with antimony tartarate at 2| grains 
per 100 Ihs. body-w-eight on the 9th, 14th and 16th May. On the 
13th May, dead and disintegrated ova began to appear and ova 
disappeared completely from the 17th May onwards. No lesions 
were to be seen in the nose from the 30th May. The animal was 
found to be cured at the end of the period of observation and weighed 
338 lbs. 

HeiJ'erNo, 70,”--'Weight 168 lbs. Age 2 years. Duration of disease 9 
months. This animal had large lesions and intense snoring. There 
were on an average 9 ova in 0*1 c.c, of the nasal discharge. It was 
treated with one gram of Trypaflavin in a pint of w^ater given as a 
drench daily till 5 doses were given. No improvement was notice- 
able during a period of 4 weeks. It did not develop hepatitis like 
the previous two, which received the driag intravenously. On the 
26th April it was given an intravenous injection of antimony tar- 
tarate at 3 grains per 100 lbs. body-weight and this dose was repeated 
on the 29fch April and again on the 1st May. The animal did mot 
react to this dose and all the s}miptoms abated in about a fortnight 
later. This animal was found free from the disease and weighed 
237 lbs, at the close of the experiments. 



Discttssion on the dosage of antimoBy tartarate and its diliitioB 
Only very meagre information m available in iext-book« on Veterinary 
Phannaeology and Toxicology regarding tlic tlK!ra|>euti> done of Urn drug and 
its dihition for intravenous use in cattle, Porno amount of information is avail- 
able, bowever, in pape^rs on the treatment of ilystruek <'attle in Afjica contributed 
by Hornby [ 1910, 1921 ], He scoius to luivo used 1 • 0 to 2 grains per KK) lbs. l>ody« 
weight* Edwards [ 1929 ] commenting on the work of Dus, says that at Mnktesar, 
cattle tolerate doses of 5 c.e. of a 3 per cent sohition (or 2*25 grams per 100 lbs. 
body- weight), that this doso can be repeated daily for about 10 days and that 
it is not safe to increase this dosage, though cattle may tolerate doubk> that dose 
for tliree days. Even with 2-25 grains per 100 lbs. body -weight, Edwartls says 
that accidents may follow. From our experiinonts, it is gathered that a dose 
which causes a reaction is a sub-lethal dose. Hence, the therapeutic doso should l>e 
much less than the sub-lethal do.s(‘. and eonsich/rably so, if it is to te ropeatc'd at 
short intervals for the reason that the drug is more or Icvss eiimuhitivc. Our 
experiments show that a dose*, of 1 * 5 grains per iOO lbs. Inxly-weight, given daily 
for six days, is not harmful in any way and at the same time, tlio desired results 
are obtained. 

From the published roeords of previous workers, it is not possible to ciilculatt) 
the doses they gave per tmit of body-weight since none of them excepting Das, 
seems to have noted the weights of the animals treated. Dorai»sw\ami f 1034 ] 
and Iyengar ( 1934] appear to be the only two, who comptited the dose (d* th:^ 
drug according to the body-weight of the animals they treated* Tho former 
gave 3 or 4 grains wiiile the latter only 1^25 grains per 100 lbs. body-wcught. 
Iyengar goes further in saying that the dose can bo reduced to one grain per tinii- of 
body-weight without losing the efficacy of the treatment. Edwards [ 1928 ] found 
that the minimutu lethal dose oftartarometic to hill cattle is 14 o.c* of M-10 solu- 
tion or just over 6*5 grains per 100 lbs. body- weight. Our oxporiments confirm 
^.this.:'.''^ 



As regards the dilution of the drug for intravenous use in cattle, there have 
been differences of opinion among the prcviotis workers* It w ould appear, that 
they used solutions ranging from 2 to 15 per cent in strength, prosumably without 
any ill-effects. Krishnamurthi [ 1 922 ] said that a iwvorful drug like antijuony 
tartaraie should be given in tho form of a 2 per cent solution and administered 
20 grains of the drug in that dilution, but the animal collapsed ami died 12 hours 
later* Das [ 1929 ] injected 15 * 5 grains in 50 e.c. of water (nearly 2 per cent solu- 
tion) in an animal weighing 440 lbs, (or 3* 5 grains per 100 Iba. body -weight} and it 
died soon after* Pillai [1934] recommended a different plan of action. He chose 
to give 10 to 20 grains of tho drug, presumably in 20 c.e. of saline or water (3 *■ 3 to 
6*6 per cent solution) and injected it into the Jugular vein, very slowly, taking 
over five minutes to complete the operation, so as to allow further dilution of 
*^0 sptatfon in the blood before it reached the heart. With this procedure, he says, 
B^jcidehts of any sort* B m doubtfub if SBch a length of time for 
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the operation is at all necessary. Much care, no doubt, is necessary to prevent 
the solution escaping into the perivascular tissue, the chances of which are ob- 
viously greater if five minutes are taken, instead of as many seconds, to complete 
the operation. In actual practice, it is not possible for one to take such a long 
time for each injection when many ammals have to he done xii a day. Hornby 
[ 1921 ] nsed a 4 per cent solution for intravenous injections and appears to have 
finished the operation rapidly with no ill-effects. Other workers such as Richardson 
[ 1923] and Holmes [ 1921 ] have also used a 4 per cent solution or even a little 
over, without any bad results, but the dose they all gave appears to be not more 
than 2 5 grains per 100 lbs. body- weight. In the experiments done here, a 6 per 
cent solution was injected fairly rapidly into the vein in the animals treated and 
no ill-effects followed. It has already been pointed out, that even lo per cent 
solutions have been injected by the previous workers without any ill-eflects. 
It, therefore, seems clear that it is not the dilution of the drug that causes accidents 
so much, as the do.se and its repetition. A dilute solution may perhaps cause 
a less intensive tissue reaction than a more concentrated one, if by chance, it 
escapes into the perivascular tissue. 

Elimination o£ iattai emetic from the system 

Therapeutists admit that tartar emetic is a cumulative drug, though loss so 
than arsenic. Clark [1932] says that antimony unlike arsenic is rapidly ex- 
creted and there is less tendency for cumulative poisoning to occur, when the 
drug is given intravenously. He further says that 30 per cent of the drug is 
excreted through the urine and it is not known how much is excreted in faeces 
when it is given intravenously. Faust and Maleney [1924] say that a large 
proportion of the drug Ls excreted by way of the intestines. Edwards [1928] 
says that the drug is not discernible in the blood stream three days after intra- 
venous administration. Krishna Iyer and Sarwar [1935] say that in two <iay.s 
time, it is excreted completely. Hence, it is clear that a therapeutic dose given 
intravenously is excreted rapidly and theoretically speaking, it should lie possible 
to repeat this dose in three days. But practical experience ha»s shown that death 
may be caused, if the same dose is rejicated after a reaction luis been obtained 
to the first dose. Such a thing did happen in Bullock No. 3, even when the interval 
between the two doses was a week and also in Bull No. 7. The symptoms of 
reaction observed in the experimental animals w'cre (1) a ri.so in temperature 
(2) disinclination to move, (3) weakness of pulse, (4) loss of appetite, fS) dryneas of 
the mucous membrane of the mouth and nose, and (6) nnsteadinoss of gait. The.se 
symptoms persisted for about four days. If these symptoms are eneoiniterecl in 
an animal after injection of the drug, it indicates that the limits of a therapeutic 
dose have been transgressed and those of a sub-lethal dose have lieen reached. 
In such ca.ses, if the dose is repeated before or soon after the signs of reaction have 
subsided, accidents are likely to occur ; at any rate, it is an indication, that sub- 
' sequent doses should be smaller in order to avoid untoward results. 
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It is interesting to note tlin t Partliasnrathi [ 1021 ] considered that the proper 
dose of the diaig should be sneli as to eauso a reaetion in the animal and the B^nrnp- 
toms he describes are almost the nmxo as those met Aritli IiercR In thci absence 
of reaction to a certain dose, ho advoeated the repetition of an increased dose^, 
the very next day until a reaction was set up. He said that this reacting dose, 
which in his opinion was the dose of niaximmn therapeutie effieienej^ could te 
repeated at intervals of two to seven days according to the degrc^o of aeverity 
of the disease. It is evident from this that Parthasarathi treateKl his eases wdth 
sub-lethal doses of tartar emetic. It is iinfortunate that neither he, nor other 
workers who adopted his method of treatment reported easels of mortality, if 
any, during treatment, perhaps tive deaths that occurred were not brought to 
their notice or ascribed to some other cause. It seems likely that some deaths 
would have occurred as a result of pushing sub-lethal doses without allowing 
‘ sufficient time for ex(‘retion of thc^ drug from the system . ICrishnaiuurthi [ 1932 ], 
Mahadevan [1923] and Das [ 1029] are the only workers who have recorded 
deaths in animals treated ivith tartar emetic. Obviously, therefore, reac^iing 
doses and their repetition at Bhort intervals are not safe in tin^ trc*atment of cattle 
suffering from this complaint. 


The action of the Usm on schistosomes and theii? ova 

Faust and Meleney [ 1924 ] ascertained how quickly schistoBomes arc killed 
in vUro m various concentrations of sodium-ant!mony''tartarate. They found, 
that in a dilution of 1 to 42,000 the worms died in one hour. They, therefore, 
opined that if this concentration is exceeded in the body, for even a short space 
of time after the administration of the drug, and if such a dose is repeated daily 
or on alternate days, the worms would soon he killed. Their work gives us u due 
on which to base the lowest daily dose of tartar emetic sufficient to kill the worms 
without causing harm to the animal treated. 



In our experiments, the lowest dose administered was 1*6 grains per 100 lbs. 
body- weight, which represents a dilution of 1 to 32,000 in the blood of an animal 
at the time of injection. This concentration is more tlian the limit laid domm 
by Faust and Meleney. The repetition of this dose daily, for a reasonable length 
of time, should, therefore, kill the worms. It was found in experimental animal 
Ho. 1 that six such daily injections cured the animal and this was verified at 
autopsy nearly four and a half months after treatment. The drug has action 
on the ova of schistosomes in the tissue, which is borne out by the fact, that in 
about four or five days after the commencement of treatment, dark and dead 
ova appeared. Hence it would seem that successful treatment of a ease of 
so^tosomiasis does not so much depend on the total amount of the drug 
Mministered as on the maintenance of a certain amount of concentration of the 
in the bl^^ at a constant level by repeated injections of suitable dosest 
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Obviously, therofore, it is of little me eitlier to give a reacting dose or to mcrease 
the dose progressively at long intervals, as suggested by many of the previous 
workers in the treatment of this disease. 

Length of the course of treatme7it,—The length of the course of treatment de- 
pends on the niimher of injections to be given and the interval between them. 
The records of previous workers show that the length of the course of treatment 
adopted by them varied from four to fourteen weeks. It is seen that they gave 
fairly large doses of tartar emetic at long intervals whicli naturally increased the 
length of the course of treatment. It has been pointed out above that the drug 
is fairly rapidly eliminated, when given intravenously ; hence it would appear 
that when the interval between the injections is long, the level of the rc^squired 
concentration of the drug in the blood is not maintaiiuxl for a sufficient length 
of time to kill the worms. Such animals may appear to have been cured, but 
relapses occur sooner or later. This may be one of the reasons why some of 
Oxpring’s [ 1932 ] animals relapsed after an apparent cure and a second and even 
a third course of treatment was found neoossary for tliem, thus extending the 
course of treatment over several months. He gave 10 grains of tartar emetic per 
dose, irrespective of the body- weight of the animal treated, once in four days, 
till ten doses were given to each animal. 

Das f 1929 ] treated some cattle in six villages with intravenous injections 
of 10 to 20 grains of tartar emetic. He found that the cases that had five injections 
were either cured or improved but those treated with fewer doses did not appear 
to have derived any lasting benefit. With the experience gained, he opined 
that massive doses may not have curative eSect, and said that a sound plan w^ould 
be to inject 10 to 12 grains of the drug at less than four days" interval and when 
smaller doses are employed, the interval may be reduced to one day. To reduce 
the length of the course of treatment or the number of injections, some w'orkers 
suggested increased dosage, with a margin of safety, to be given at short intervals 
either because the owmers fail to present their animals rogularl}^ to complete the 
'full coarse of treatment or because it is a long and laborious task to do a largo 
number of injections in one day, if many animals have to be done. Theoretically 
speaking, this method may seem to be sound because such doses should kill or 
disable the schistosomvos shortly after the treatnient is begun, thus giving a, greater 
chance of a cure even if the animal is not subjected to the regular course. But 
in practice, tlie large dose, either progressively increased or otherwise if given 
at shorter intervals, may kill the animal itself while mwler treatment for reasons 
already discussed above. Most of the previous workers employed the so-called 
reacting or sub-lethal doses and advised the ryots to rest their animals at least 
for soma time before they worked them. Some employed a routine method of ad* 
mimstering 10 grains of tartar emetic irrespective of the body-weight of the animal 
treated, and even among these, reactions have been observed. Ramaswami 
[1933] in a communication to one of us^ says that he gave 10 grains of tartar emetic 
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to eaei animal while eondiicti^^ treatment againsit bovine nasal sehiato- 
somiasis in Chittoor district, and that he fmmd many of the animals reacting to 
this dose possibly because a large majority of cattle are small m ske in that dis* 
trict. Some of the ryots worked their animals in the plough soon after inject ions 
of tartar emetic, and to their dismay some of them dropped down dead while 
working. In such animals evidently there was a reaction set up and they died 
of its effects aggravated by work. The ryots, in most villages, being poor, do not 
possess more than one pair of bullocks ; necessarily they cannot afford to rent 
their animals since they have none others to do the work, If, therefore, such 
disasters were to he anticipated, the ryots even with persuasion, for obvious 
reasons, will not subject their animals to treatment. Therefore, one has to employ 
such doses as would not cause reaction ; in other words, the doses employed 
must be small so as to be given repeatedly with impunity, even if the animals are 
worked immediately during treatment. 

It is seen from the experiments dona here that a daily dose of 1 * 6 grains per 100 
lbs. body-weight for six days is not only effective but also rcxiuces the length of 
the course of treatment when compared with any other method. Further, there 
IS no possibility of producing a reaction with such a small dose, thus avoKling the 
danger of the animal collapsing and dying* 

Biscussion on the treatment with Antimosan 

Antimosan is a synthetic antimony preparation recommendexi by the makcrB 
for use in the treatment of schistosomiasis in cattle. The drug is available in 
the form of 6 • S per cent solution and the dose recommended is 40 e*e* for an animal 
weighing 450 lbs. or 8 * 8 c.o. per 100 lbs. body-weight* This dose, they say, should 
be repeated every second or third day. 100 c.c. of this drug contains only 12*6 
grains of antimony : hence in the dose recommended there are only 5 grains of 
it or roughly 1‘2 grains per 100 lbs. body-w'^eight. It is interesting, therefore, 
to note that this dose of antimony is nearly equal to that of antimony tirtarato 
which the present writers found to be safe and efficacious, for daily injcctiouB, 
for six days. 

The makers of antimosan quote Eoy Chow-dhury [ 1032 ] regarding the ustv 
fulness of the drug in the treatment of bovine nasal schistosomiasis. That worker 
was supplied with the powder form of the drug. It would appear that he did 
not compute the dose of the drug per unit of body- weight, but gave vaiying doses, 
which, in some cases were increased progressively wu'th an interval of a wx>ek 
between two doses. Hence, it is not possible to compaio bis results with those 
obtained by the present writers. It will be seen that the doses ho gave were smaller 
and spaced at longer intervals than those I'ecommended by the makers of the 
drug. The present writers found that in an animal treated with small doses of 
■ the symptoms abated in about 4 weeks. The animal looked clini- 

not tho case,, m continued to appear. Hence, the 
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results of Roy Chowdlmry [ 1932 ] camiot be said to be conclusive m as much as 
the animals he treated with Antimosaii were not under his observation for a 
sufficiently long time, nor was it possible for him then, to appreciate the results 
of treatment by laboi'atoiy methods as can now be done, since the etiology of the 
disease is known. Roy Chowdhmy opines that recently infected animals require 
only one dose for a cure. It is doubtful, if, in the treatment of this disease, the 
administration of a single lai’ge dose of any drug %?ill effect a cure and the 
reasons are obvious. Another interesting observation is that recovery was 
definite in those animals which received, at short intervals, doses almost equal 
to those recommended by the makers of the drug. It w^ould appear, therefore, 
that the proper dose of the drug is the one that has been recommended by the 
makers repeated at Intervals of 2 or 3 days until about 4 injections are given. 

Discussion on the Treatment ol Trypafiavin 

Trypailavin is the same as Atu’if}<iviii. This drug "was tried, because Fisher 
1 1934 ] reported, that ho obta ined with Aeriflavin, some aniount of success in the 
treatment of intestinal schistosomiasis in the human being. Ho gave tiio drug 
orally and no toxic manifestations seem to liave been developed. 

Trypailavin was found to bo useless in the treatment of bovine nasal schisto^ 
sohiiasis and on the other hand, it Avas noticed that the drug when given intra- 
veiioiisly for some time, has harmful effects on the liver. 

Cost of treatment with tartar emetic and Antimosan 

The cost of a pound of tartar emetic is about Rs. and the cost of the 
full course of 6 injections for an animal w^eighing 450 lbs. at 1*6 grains ].xm’ 100 
lbs. body-weight is 1*6 pies. This drug, therefore, is so cheap that nearly 200 
animals of average weight may bo treated at a cost of Rs. i-8-0, when compared 
with that of Antimosan wliicli is about Rs. 2-8-0 for one animal for a course of 
treatment recommended by the makers. 

StJMMABV 

L Antimonium tartaratum, Antimosan and Trypaflavdn Avero given a trial 
in treating cases of bovine nasal schistosomiasis. 

2. Trypaflavin was found to bo useless. Antimosan appears to be safe and 
effective if given according to the instructions of the makers, but expensive. 

3. Antimonium tartaratum is effective and cheap. The dose recommended 
is i *6 grains for every 100 lbs, body-weight of the animal repeated daily for six 
days, or 2*5 grains every alternate day. 

4. Any dose exceeding 3*5 grains per 100 lbs. body-weight seems to be 
dangerous particularly, if repeated. 
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INTROUITCTION 


In a preliminary report [1935] by tlie wrihT on the etiology of tbiM disease 
it was stated that the adult neniutodes recovered frcjJi the lesions bore certain 
resemblance to the members of the bub-fami!y Setabisae of the family 
PxLABlDAE. The exact identity of the worm at that time was attended with 
some difficulty, since by the app((arancc of the worm and liie nature ol‘t he lesion 
it sots up, it app(»ared to be a new parasite for which Ji(» reference emdd bf! 
found in older text-books on helminthology. During the earlier invest igntion of 
thisdiseaae when its etiology was known in 193.3, the writer was informed by the 
Director, Iiniierial Institute of Petcrinnry liesenrcl:, Muktesar, that llai nema- 
tode larvae had also Ixeen .seen in an identical alTectiun of <‘!dlle. called “ f’aseado ” 
in the Dutch East Indies. No fuller refereneo On '* Cascjido ” could Ik* uvailabh* 
until Dabta in January, 1935, at the Indimi iScieiicfc CongrcfS at t'idi nita stalert 
that his studies on the histopathology of hump sore had led him to conclude that 
this disease of Indian cattle was similar to “ Cascade ” of eattk* in the Dutch 
East Indies, caused by S’l’EBHAKOinnARiA Mjoesi (Bubberman, C. vind Krane- 
veld, E, 0,). Pew specimens were therefoj’o received through the court i>f 
Dr. E. L. Huber, Director, State Yoterinary Institute, Biiitcnzorg, Jitva. On 
the result of a comparative study of the parasites of hump sore and “ Caseado 



the writer was able to ascertain that the parasite of hump sore Ddonged to the 
genus SxErHAKOMIiAEiA, but that in certain morphological details it difft'red. 
from SMBHANOFinAETA DEDOEsi. In JuiKi, 1931, Chilwood deseribc'd .STEiniABo- 
FILAEIA sraBESI, a now species from the skin of caltlc in fhe^ Dnited iS’tjti<*s. On 
the basis of Chitwood’s description of Steviiakofilahia stieksi, many points 
of difference have been noticed between this worm and that recovered from 
hump sore. 

In view of these observations it was decided to create a new sfwcioH SrEPirA- 
HOEHABIA ASSAMBNSIS for the parasite of the Indian disease, by virtue of if.s 
being discovered for the first time in Assam. In the following pagfis it is pro- 
posed to give.an account of the new species, and then comparing it with two other 
i^pTm fo indicate certain anatomical differences which led to its specific 





identity of the nematode worm 
Techniqdb 
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The collection of worms from the lesion of hump sore presents certain diffi.- 
nulties The most conyenient site for their recoyery is the demarcation Ime 
between the central core and the periphery of a q^ieffint lesion. A place^over 
this line is selected and the sore tissue scraped off with a slightly blunt sealpol. 
On thus scraping away the whole cornified layer of the superficial epithehum 
and I part of th! rete malpighi, a thread like projection of jhat appears to bo 
one of the ends of the female worm is seen on the surface. This is thm picked up 
^ith a pair of finely pointed forceps and placed in a petri dish contamng normal 
saline. The scraped up material should be placed in another petri dish, con- 
taining normal saline, because not infrequently an entire female worm couM be 

f^ndembeddedinalumpofscraped up tissue. The male worms are very minute, 
and for the purpose of their collection the scraped up tissue is thoroughly teased 
with a fine pair of needles, and a search is made for the parasite under one-third 
obiectiye of the microscope. For the purpose of an immediate examination 
the embryonated ova eonld be collected by teasing a gravid female on a slide 
in a drop of normal saline. Plenty of ova are thus liberated either indmduany 
or in lumps which represent parts of the uteri. The saline film on the slide is 

then allowed to dry up so as to fix up the ova. The preparation is then stained 

witli Leishioan or GieniBa stain. 

Certain anatomical features such as the cuticular spines, the vulva and the 
va<viiia could he seen host in a living specimen. Beechwood creosote has been 
usld as a Clearing agent to see various other details, such as the nerve gangha, 

tubular oesophagus, and the spicules in the male. 

A GeNBEAL 1>ESCEIPTI0N OF THE FAKASIXE 

■ Freshly recovered parasites from the sore have frequently been found covered 
with fragments of sore tissue towards their anterior extremity. The female 
parasites have always been found predominating over the male ones m number, 
and in collections made from severareases the numerical ratio between the male 
and the female has been 1 : 3. When placed in normal saline, the worms exhibit 
sluggish movements. They are small, whitish and thread like worms, the es 
being two to three times larger than the males. The anterior extreimty of the 
male and the female which carries the mouth is slightly attenuated. The mou.h 
opening (Plate XXIII> Fig. 4) is minute, circular and bordered with a notched 
chitenous ring. Immediately behind the mouth is a prominent conical structure 
(Plate XXH. Fig. 1, and Plate XXIII, Fig. 4) from which the mouth appears to 
he protruding anteriorly. At the base of the oral protrusion the thick comcal 
structure is encircled with a single complete ring of cuticular spmes (Plate XXIII, 
Fig. 4) which in some specimens also shows group arrangement^ at places. The 
cuticle is smooth over the conical structure, and commencmg with a deeji notch 
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tehind the latter, it is transversely striated (Plate- XXII, Fig. 1) Ihronghoiit ilie 
body. For a gieater length of the anterior part of the hcxiy, the posterior 
edge.s of the striae are directed po.steriorly in the fonn of spines, hut towards 
the posterior axtreinity the striae hecomo inconspicHOUs and their posterior edges 
smooth. Lateral alae are pre.seiit.. 

The terminal mouth leads into a tulmlar wsophagus (Plato XXIT, Fig. 1) 
which measures about from 124 to 180 raieroiiR from the mouth oprming in ho(h 
the sexes. The nerve ring (Plato XXII, B’ig. l)in both the .sexes is situuied at 
a distance of 72 microns from the mouth opening. Cloacal opening is distinct 
in the hiaie, (Plato XXII, Fig. 2) but it appears to bo absent in the female. 

The, male worm . — ^The mate parasite is 3 to 4’i» millimeters* long and 108 to 
120 microns wide. The caudalextremity (Plate XXII, Fig. 2) te attenuated and 
slightly bent towards its ventral aspect. The alimentary tract widens out 
towards the posterior limit of the oosopliagns in the form of a straiglit tube 
which constitutes the intestines. The intestinal tulte ends in a minute nuns 
opening into a cloaca which also receives the Htnioture.s of the male genitalia. 
Tho latter consists of a single tubular testis, and two unequal .spiciih’s. Tiu' 
testis begins about the anterior fifth of tho bofly, and rnns parallel to the 
intestine. It is a compact structure con.si.sting of cclte which give rise to 
a|>6rmatozoa. Oftho two spicules (Plato XXII, Ifig. 2) tho left one is the larger and 
measures about iso to 180 microns in length. Tho right spicnlc Iming the smaller 
of the two measures about 43 microns. Near tho smaller spicule and dorsal to it 
lies the small gubcrnacuhim. Tho cloacal opening is situated at about 25 to 30 
microns from the posterior extremity. There are two jiairs of post-anal 
papillae (Plato XXII, Fig. 2). 


The female worm — ^The female parasite is stouter and longer than tho mah‘. 
It measures from 7 to 9 -5 millimeters in length, and from 190 to 208 microns in 
width. The caudal extremity of tho female is broader timn the oral extremity, 
(Plato XXn, Fig. 1, and Plate XXIII, Fig. 3) and i.s straight and stumpy. A.s in 
the matej the intestine Iwgh^ from the postoribr limit of the oesophagus as a 


straight tube like .structure. Iter a certain distance in the anhuior half of Iht' 
worm, the intestine runs paralleltio the vagina and the uteri, (Plato XXJI, B’ig. 1) 
but posteriorly (Plato XXIII, Fig. 3) it becomes indistinct in the loops of tla^ 
uteri and the ovaries. No distinct anus has been ol).served. The vulva (Plato 
XXII, Fig. 1) which is a sack like structure measures about 72 inh;ron.s in length, 



and opens out in the form of a spout at a dLstanee of 75 to 90 microns from the. 
mouth opening. Behind the vulva is the vagina which is a straight tubular organ 
measuring from 252 to 288 microns in length. Behind the vagina liegin the two 

* Except for the length of the worms which is given, in millimeterB, all 
other measteeraents are in microns. 
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v;fuiiia fnllj j|ovs'!o|K‘'rf r^ni^rym 'iPkte XXIi, Jig. iri 

vitrlliiio fiiomliMiwn TJio # mbryomi I o4 {Platen XXlIf, Pifi. Cl |w) 

mAil (h)) fr^on Zivils- to Sirti willi tlio uiowbrnno, Thn- 

mfrrolif^iriae ouiKii'le tlir* mOis'il^raiio in a alaiiied mmmum fmnr 

lit* to Ml niiortiiis, 

Ili,sa:ofiB|o,x 

Ihio aial llilo-Laniioiih.Tg [IfKW] mm ilio fifKl to rlnsorik) tlio fikria} wmm 
tvmvewd from €a?4t‘a<kM’ of in tlio I)iik?l,i Ea^t IndleHj.for wMeli tliey 

ii new gem.riv, mmw J^TE'raaNOFixairrA, and iiained the imrasite as St^fha- 
HorrnAEIA iiKPOj:sr* Wehr [11^35] in Ids reviser! classitleation of the sriperfamiiy 
Fih,munmj% has inelndrd, a fww foniiy STETHANOFiLAEnBAi: for the reception 
Ilf the geinis SnmtAmFmmtA, Ih'b ami lhle-T.amlen]:‘erg . [1033]. Another 
speeies of this genus brndusm desorilKal by fliiiavood, [1034] as STJSFHAKOFiriAHTA 
HTrLEHi. Chitwood dmtingiiisiies Im Kpeeies from the original species by the 
following two elmriic4<‘rs :<— 

1 . The arratigi‘meiiits of '!-I k> er^phalie spinesj a, ml 

2. 1*he distance of the vnlvar urifi<‘e of the female „ 

from the moutJi opening. 

The cephalic spines as obsri’ved by Chitwwiil [ 1934 ] in his sfKicios arc incoin-' 
pleto and asynnueiTi(% wlit^reas in the original spades they arc apparently complete 
and syinrnet-rkn The writer while stticlying his bow species has foimci the cephalic 
spines com plot cl enoireling the base of the oral elevation In some of the sped- 
jmmsj while in others^ altiioiigh the spines have been found in groups, their 
metric arr*ai!gmiient doi^s not afipmr to 1x5 lost. Although Chitwood, for the- 
dcs<»riptioii of Ids Hpneies, considers the arrangement of the spines aa a distinguish- 
ing fcaUiro, he attaches no particular importance to it from the taxonomic stand- 
tioint. Certain hB}K>rtant fiudors are likely to }>e involved in consideration of 
these spines as having any taxononuc value. It is to bo ramembored, however, 
that the s|>ecles of STEmiAKoFiBAHTA have so. far been found to ba dktinetly 
pjithogenic for the bovine skin where their preseneo induces a very extensive his- 
tologiea! changes. The causation of the It^sion by these worms depends to a 
certain degree oh the imtation caused by the constant movements of these spines 
in the tissue of the skin. The arrangement of the spinas, therefore, cannot re- 
main a constant feature when they, in their chronic attempt at destihiction of the 
skin tissue, are subjected to a severe strain of tissue reaction. In view of these 
observaMonsj however^ it is to be presumed that under a pressure of excessive 
tissue reaction the cephalic spines may either be pressed to lie in groups, or some 
of them may so completely be detached as to give tiieremainh^ ones ^.asymmetrio 
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arrangement. In the opinion of tlio writer, therefore, the arrangement of the 
cephalic spines appears to have no value in the classification of the species of 
S'rEFHANOiMLAEiA. The other character, i.e., the position of the vulvar orifice 
from the mouth opening hy which Chitwood distinguishes his species from SrET-iiA- 
NoriLABiA DEDGESI appears to he an important feature in the taxonomy of the 
worm. Before any opinion is given as regards the identity of the worm at the 
disposal of the writer, it will be of interest to compare the salient features of the 
two known species with those of the species under consideration. 

Table 1 

Statement showins tJie points of difference, cmongst tlie three known sjiectes of 
' Siephanofilariu 


SfccphaiK>HIaria 
Chit- 
wood, 1034 


Btephanoillaria 

as^aineimls, 

Pando, 

1035 


Stephanofiiaria 
dedoesi, Ihle, 
atid Ilile- 
Landenbcrg, 1933 


Morphological Cliaractors 


3‘0 to 3*5 
40 to 50 . 

BligUtly bent 


3-0 to 4-5 
li>8 to 1 2a 
150 to 180 
Biightly bent 


2*3 to 3*2 
70 to 00 . 
220 to 230 
Straight . 


Length * . . • 

Maximum thickness 
Size of the loft spicuio , 
Caudal end . „ . . 

Position of the cloaca from tho 
posterior ond 


Female 


Length , 

Maximum thickness 
Position of the vulva from the 
mouth oponing . 


It win be seen from the above table that both the male and the Ibmah'. (if tlu^ 
Indian species differ from tho other two known species in being a stouter and 
a comparatively bigger parasite. WMle there is not much differemee in tlu^ Length 
of the male of the throe species, they show marked variation in tlm rncsasuremeiit 
of their thickness. The position of the cloaca in Stephakofilaeiw dedoesi 
and Stephai^oitilaeia assamehsis in wMcIi this feature has been observed shows 
no variation at aU, but the left spicule of Stephanofilaeia assambesis is much 
smaller than the same structure of the other two known species. 

; ; , ; While the female of the Indian species is only slightly greater in length than 
female of Sctphanofilakia eeboBsi, it is much greater in length when com- 
fetnale of Si!TOHAFfQTO:*AEiA SCTCiisi* The position of the vulvar 








. • ' i 


identity of the nematode wobm 


iSSiMSHSK, and m tte ^pe<* they ilisbrnw frol.i tha imtarior 

in which the opening of the wlva is at a mudi ^ ^ 

extremity. The Indian species can, therefoie, h ■ - o 

two known species by the following features :-— 

1. The measurement of length and thickness. 

2. The size of the left spicule, and 

3. The position of the vulvar orifice from the mouth opening. 

SpEcmo niAnKOSTS 

Stephanofilaria : 

3-0 to 4-5, thiokn.® 108 to 120. *.o ot the left .tita.le 150 

to 180, and the caudal extremity slightly bent. 

Ji’mnie.-Length 7-0 to 9-5, thickness 190 to 208, anus indistinct, po.shion 
of the vulvar orifice at a distance of 75 to 90 microns from the antermr extrouuty. 

Host, — Cattle. 

locatiOTi.— Skin, beneath the reto malpighi. 

Assam (India). 

The writer desires to express his thanks to i>r. F. L. iluhcr, Dircclnr, .Siaio 
Veterinary Institute, Buitenzorg, Java, for .supplying to him few specimens 
of STEISHAOTLABIA BEnoESi, to the Director, Impenai \e(eTmar> Keseareh 
In-stitute, Muktesar, for lending him certain reference hooLs on btephano- 

filariasis, and to the Superintendent, Civil \ etennary Departraeiit, Assam, lt»r 

his keen interest in the study of this parasite. 
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' : ■(With Plates XXlY t% 'XXV)' 

When the scmor author investigated in 1931 the causes of the gradually 
increasing number of cases of impoteney in bulls and Bterility in cows in the Pusa 
Sahiwal herd, he found that most of them were duo to the fiiulty fc^eding policy 
pursued in the past. The rationing was, therefore, entirely changed [Saycr, 193J] 
and its excellent effect on both bulls and cows was soon apparent. 

The few cases of imi>otency in bulls and sterility in cows that were not, how- 
ever, amenable to the changed rationing were put under the hormone treatment 
[PMilip, 1929]. 

A number of cases of impoteney and sterility were given the above treat- 
ment quite successfully, out of wlheli two cases are quoted below for ilhistra- 
tion. The method followed here is given below : 

BSTOXtOATIOK OF I7RIEE FOE I2TJECTI05T 

Collect in a sterile enamel mug about 100 c.c. of urine from a cow over seven 
months in calf. Early morning urine is preferable. 

Detoxicate at once. 

To each 100 c*c. of urine add 5 c.c. of a 20 per cent solution of sulpho-Haliiylic 
acid. 

Shake well for ten minutes to precipitate all proteins. 

Allow to stand and pass through a coarse filter paper. 

Neutralise or render faintly alkaline to litmus by the addition of bicarbonate 
of soda. . 

Doaage * — 10 c.c. of urine per 100 lbs. body- weight inject^ subcutaneously 
' behind shoulder daily on four consectitiva days. Repeat in three weeks time, if 






|>rogeny. 
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Saihwal bull ‘Mahaeaj’ No. 300 (Platb XXIV) 

This bull was bom on the 27th Janiiaiy, 1920, of Baseeli No. 132, one of 
onr foundation cows, by Sahiwal bull Mansoor. His dam was a typical Sabiwal 
cow witli a natural disease-resistant eonstitiition, who gave fourteen calves and 
30,000 ib. of milk during her life time on the Farm. She lived twenty- two 
y(»ars without any serious ailment and was a regular calver. It was decided to 
keep thiB bull for stud purposes. 

When Maharaj was three years old, he was tried with a number of cows for 
service and ihiled utteiiy ; consequently he was sent uncastrated to the Agri- 
cultural Section foiMiraught piirposes. 

In 1932, he was brought back from the Farm and given the detoxicated 
urine treatment and since then he is serving satisfactorily and so fax he has 
sired twenty-two calves, out of which eleven are heifer calves. His discase- 
resistaut fatailty 'vvas tested this year during the outbreak of Foot and Mouth 
distMise. He i;vas artificially infected with the infective saliva thrice, but he proved, 
absolutely immune and similar tests wdth his progeny also sho%ved them naturaUj^ 
resistant to the disease to a great extent. 

His first heifer which was bom on the 23rd December 1933, rccewod bull 
when she was one year, six niontlis and thirteen days old. Slu) has Bince calved, 
<leveio|>f‘d a. very gotnl shaj)e bag, and has given 2,122 lb. of milk in 107 days and 
is giving about 10 lb, daily. 

The average birth weight of his ealvos is 43-3 lb. and this shows that the 
progeny he is producing is quite normal and there is not the least trace of lack 
of stamina or reduction in size and conformation. 

Sahiwal cow ^LACHMOH,NX’ No. 644 (Plate XXV) 

She calved for the first time on the 7th July, 1934, and did not come in oestrus 
(heat) after the usual period of 150 days— time allowed for heavy milkers on this 
farm for bulling. She was examined and finding the reproductive organs normal ; 
she was given the above treatment on the 2nd April 1935, and she came on heat 
and received bull on the 2nd May, 1935. She completed her first lacjtation on 
the Kith May 1935, with 5,191 lb- of milk in 306 days. 

Slie calved again on the 15th February, 1936, has given 5,238 Ih* of 
milk in 172 days and is giving about 24 lb* per day. 

Several similar eases have been successfully treated on this farm with the 
detoxicated urine from pregnant cows. 
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Plasbridae, Aaderson. White and Bettger [1934], woi-king in five herds contain- 
ing frin 26 to 60 cows each, concluded that heat-killed vaccines did not adequately 
2xtrol streptococcus mastitis, while, on the other hand, hygiomc measures and sogre 
Jion of iScetod cows were found to bo effective. From one herd the disease was 
said to have been eradicated and full details are promised later. 

Tn 1933 we referred to attempts by other workers to control nmstitis by scgi-ega- 
tion Thus, Seelomann [1932] described the promising results obtained m two herds 
in which purely by segregation of infected cows, infection was reduced respectively 
f“„r» io .boa' 10 por ent m flftoen months, „nd f.om 70 to 20 po, oo.l m two yoavs. 
.r si 1 11 . . was renorted [1933] that by ooihbmmg ontozon treatment with 

In the a < oi - reduced to 4 ■ 2 per cent. Seelemann and Hadeiifeldt 

[loS mporteTon elovon other herds in which control of tho disease had been attmnpted 
bv soir -Lion of cows found to be infected by thrse-monthly cultural oxammation 
5 tho milk with or without subsequent treatment of infectod cows witii entozon. 


Herd 


No, of 
Cows 


B 

Ko 

I> 

J 

Xj 

R 

Do 

H 

G 

F 


177 

180 

65 

50 

138 

134 

88 

81 

80 

22 

200 


Original Incidence 
(per cent) 


42 
54 
60 
20 

43 

70 

42 

52 

13 

100 

45 


1 

Final Incidence 
(per cent) 

Period 

Control 
attempted by 

29 

2 

years 



23 

4 

jj 


Segregation 

47 

2 



>. alone 

10 

2 

■ n ' ■ 



30 

3 

>9 



8-6 

4 

99 



5*4 

2 

99 


SegrGgatic.ai 

10 

2 

99 


and 

"5 

2 



‘ entozon ’ 

0 

5 

79 


tr(.^atment 

7 

2 

99 

- 



— continued to appear. It is seen that whore ento.on 
- ,i- 0 i infection was considerably reduced and in ono herd (I ) was omdieatod, 
in which ^rcgcBon cion, ww, ndepied omdichtion wc .« clnovcd 
in any case and the incidonco was only moderately reduced. 

According to yot other reports from Germany, eradication or a striking reduo^ 
I- Tn uronortion of infected cows may be brought about by a combination of 
tion m thop p with segregation and treatment of iafoetod cows 

hygienic report.s, however, do not siiow how often new infections arose, 

therefore to what extent tho reduction in the nmnbor of infected animals was 
T ’fo coSLuod treatment of old and newly infoeted cows or to the other measures 
used. The literature regarding the efficacy of entozon treatment will ho dealt with 

in a subsequent report. 

Methods used for the, examination of millc samples 
The methods used were similar to those given by Minett, Stahlcforth^and 
VA nrds rl9331 to wMch reference should be made for details. They consisted 



eiitoKon 


STUDIES ON BOVINE MASTITIS 


Plastridge, Anderson, White and Bettger [1934], worlung ni five herds coirtam- 
ine from 26 to 60 cows each, concluded that hoat-killed vaccines did not adequately 
control streptococcus mastitis, while, on the other hand, hygienic measures and segro- 
gation of Mected cows wore found to bo effective. From one herd the disease was 
said to have been eradicated and full details are promised later. ^ 

In 1933 we referred to attempts by other workers to control mastitis by segrega- 
tion Thus Seelemann [1932] described the promising resulta obtained m two herds 

L whJx pumly by segregation of infected cows, infection was reduced respcctivoly 
So^ro to abou^ 10 per cent in fifteen months, and from 70 to 20 per cent m two years. 
T +1 n intter herd it was reported [1933] that by combining entozon treatment with 
ir^^ation tli infection had been reduced to 4* 2 per cent. Seelemann and Hadenfeldt 
riOsTlmported on eleven other herds in which control of the disease had been attempted 
hv 2n--atian of cows found to be infected by thrce-monthly cultural examination 
of tS milk with or without subsequent treatment of infected cows with entozon. 


Herd 


No. of 
Cbws 

Original Incidence 
(per cent) 

Fmallncidence 
(per cent) 

Feilod 

177 
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42 

54 

60 

i 20 
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23 

47 
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■2,' 
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>> 
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88 

81 

■ ■ ■ 70 ■ . ^ 

42 

■ ■ 52 : ■ , 

8-6 

6- 4 

10 

tt 

4 

2 

2 

'9' 

^ 59 ’ 

95 

_ 95 ■ 

80 

13 

.D 


99 ; 

22 

100 


■ ' ' 5 : . 

9 


200 

45 

. ' ■ 7 . 

. A 

, 

.99 , 


Corj.trol 
attempted by 


Segregation 
V alone 


Segregation 

and 

‘ entozoii ’ 
treatment 
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In a ll herds new iiifoobioiis oontimied to appear. - - 

was used infection was considerably reduced and in ono herd (h) was oradioa e , 
rJL mWs in which segregationalonowas adopted oradicatioii was net acliioved 
in anv case and the incidence was only moderately reduced. 

According to yet other reports from Germany, eradication or a .striking n-duc^ 
the nroDortion of infected cows may ho brought about by a combination of 
tionmthop p with segregation and treatment of infected cows 

^'^fhontoMn. The reports, however, do not show how often now infections arose, 

1 therefore to what extent the reduction in the number of infected ammals was, 

1 m’to continuod treatment of old and newly infcctod cows or to the other me^ums 
Sod! The literature regarding the efficacy of entozon treatment will bo dealt with 

in a subsequent report. 

Methods used for the examination of milh samples 

The methods used wore similar to those given by lEnott, Stobleforth and 
MwaS. 09331, to which reference d.onld be made for details. They oonsmted 
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Tr>w T oi ■4- lo^^dL m Bcr coiit, wlnlBt flit* j5?'^ov<3Bi1')C.Tj 

1935, it wab 13 1 ptr cult. ^ auring the last twelve months maiiy 

of tbe disease. . 

Herd A is also notable for tho relatively large nninbtr oi Hwere eases ol mas- 

litis to otl.r « ^ — " 

t^^ cause of mucb greater loss than mastitis of the conunun 

chronictype. 

Heed 0 . 

c . ”rf 

nV~*W self-contaiKd, <ho,.fh . f. w 1;™ l»n 

p„„,h.«d from tip., to time. The h.»i is frt. too. toto.,, »». m'h W . k 
Lu» nrodaeed and has been freed from eontagious abcatwn by bh, < «l tests and 
segr^Ition, coikcidentally Avith the work reported here. Mdlong is canad out, 

by liaixd. 


Btato ofitedatcnd 
of Year 


Heed 0 

AddifioixSj i^oniovals ■ axibl Oowrf wiiicb, bocai'xxo , 
. V ;■ Iiif(3cfced idiirbg;pr0vioxis: 


Healthy I Infected became IIealthy|Healfchy Infechnl lutected 
, Infected Added IKomoved Added K.-moved 


34 (39-5) 
29 (28-7) 
26 (29-1) 
49 (44- 1) 
46 (39-8) 
41 (35-3) 

35 (26-1) 


10 (29-4) 
4(6-6) 
36 (67- 4) 
11 (17-7) 
12(17-6) 
7(9-3) 


For explanation see table for Herd A. 

Of tho 35 cows classed as infected in 1936, 11 had boon froo from iufoetion for 
at feast^twb:years. The hxunber pfhQ-ws aotW the end of 1936 is,/thei«;- 

fore, 24 and tho real incidence 17 • 9 per cent. 

Up to the end of 1981 mastitis-infected cows w-ere kept in the same sheds as 
the uninfected, but segregated at one end and milked last. Prom 1932 onwards 
infected animals were removed to otlmr sheds and milked by separate attendants. 
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of 1932 they have been milked first of all. In addition, the ovmer has always 
insisted that milkers should wash their hands after milking each cow and ail tea-* 
sdnable precautions were taken to prevent spread from infected to ))ealthy animals. 

Complete herd tests of all animals in milk were carried out every throe montlis 
in the case of the healthy group and at six- to twelve^monthly mtervals in the 
infected group. Samples were also examined seven to ten days after calving, 
and from any animal whose milk or udder became abnonnal during tl:e interval 
between herd tests. The total number of animals in the healthy section of the herd 
in December, 1929, or whieli have since entered this section Healthy added 
is 256. Of these 256 cows, 72 were under observation for one lactate or 
less, 74 for two lactations, 47 for three, 32 for four, 24 for five and 7 for six lacta- 
tions. The number of tests made of each cow w^as from 2 to 17 and in one ease 
24, a total of 1,621 or an average for each animal of between 6 and 7. Tlse table 
shows the number of healthy and infected animals in the herd at the end of each 
year and the movements during the preceding twelve months. 

The clinical severity of the disease originally present moy be gathered frem 
the following statements. By the end of 1929 all the original milkirjg herd had 
been tested, except four cows which wnre still dry. Of the 34 infected cows preseiit 
at that time, 17 were showing clinical symptoms or obviously ali.ered milk 
in one or more quarters ; 8 showed abnormality of the millc only rccognisahlo ly 
laboratory examination, whilst in 9 the milk was unchanged. The avei^age iiumlKT 
of infected quarters per animal was 2*4. 

Comment 

In this herd no special attempt ^vas made to dispose of infected cows, but 
they wexo immediately segregated, and what -were expected tc^ be ample ])reeau- 
tions were taken to prevent spread of infection. Althougli there has ahvays 
been a large group of infected cows on the farm in sheds adjoining tho>se kept for 
healthy cows, it is somewhat surprising that new^ infections have continued to 
appear. Thus, of the 266 animals wfiich were passed as henlthy when first i ested 
in the period 1929.35, 79 had become infected up to the end of 1035. Although 
dropping to less than 6 per cent in 1931 the annual percentage of new infretions 
rose suddenly to over 50 in 1932. It dropped again to 17 per cent in 1033 and 
1934, whilst in 1935, 0 per cent have occurred. The result is that the section 
described as infected, which was originally 39 per cent of the herd, si ill fonns 
26 per cent of it. As in Herd A a number of animals apparently recovered. These 
W'ere, in nearly all cases, animals in which the infection was dis( overe<l only by 
means of the glucose broth enrichment medium and on only one oeeasion, In spite 
of numerous examinationB during the succeeding years. Since such cows have 
always been classed as infected the number of animals show n as infected is, in tins 
herd also, unduly high for all years since 1932. The real incidence at the end of 
1935 was 17*9 per cent. 
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As in other herds, a certain amount of trouble clue to mastitis streptococci 
of Groups II and III and to G, fijogema has occurred, 18 cows In all being afFected. 

Hebi) I 

At the end of 1980, when the first examinations were completed, Herd I eon- 
slsted of about 160 head of pedigree milldiig stock of the British FrieHian and 
Shorthorn breeds. It has been maintained since that time solely Ijy means of 
home-bred animals. The herd is tuberculin -tested and it has been freed from 
contagions abortion coincidently with the work reported here. Milking is carried 
out by machine three times a day and all cows are stripped by hand. 

After the first herd test infeeted animals w^ere segregated as far as possible, 
and milked last. In 1931 the cow’s were arranged on three standings of which 
one contained only healthy cows, one healthy and infected at opposite ends, and 
one infected cows only, oik^ man doing all the work on eadi line. Three milking 
ixiaciiinc uiiits were in use in each row, separate units being reserved for tlie 
infected cows in the composite line. Teat cups w^ere Bterlliaed at the beginning 
of milking but not subscquc^ntly unless they were dropped. TowiinlB the vml of 
1981 tlie owner decided to reduce his herd considerably and amongst tlKuse sold 
ware most of the infected eow^s. From March, 1932^ the few remaining infceto.1 
cows were moved to other buildings. 

Heki> I 



1 Additions, Bamo\'alH and Cows whi<di bt‘eain<* 

lufocled <luring the pr^wlous 12 Motdhn 

IJeaithyJ ' T"^ f | 

Infected beeamo | Healthy Ht^althy Infecte<lt Infected 
Infected Added Eemoved Added iBemoveti 


For exxdanatiou see table for Herd A. 

Milk samples wore examined every three months. Samples were also taken 
from individual cows seven to ten days after calving, and from any animal which 
was giving altered milk or which showed any clinical abnormality of the mlder 
or reacted to tests with brom-cresol-purple paper which were regularly carried 
out at the farm. The total number of animals passed into the healthy section of 
the herd in 1930 or which have since entered this section {'* Healthy added is 
351. Of these 251, 118 were under observation for one lactation or less ; 96 for 
two lactations ; 22 for three j 10 for four, and 6 for five lactations. The number 
of t^ts made of each cow was from 2 to 22, totalling 1,476 or an average of 
abomt ,6 for ^ach eow* „ , 
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The table, giving the changes in the herd jen>v by year and its coniposition at 
December 31st of each year, shows that at the end of the third ^rear the herd was 
free from Sir, agalaetim and has remained bo since that time. 

The mastitis originally present was of the charaeteristie chronic variety caused 
by agtttote data regarding the changes observed on one 

or more occasions will give some idea of its severity. Of the 96 cows of the original 
herd which were infected at their first exammation in 1930 to 1932, 30 showed 
at or about the time of test olinicai s^miptoms and obviously abnormal milk, 
o4 showed definite laboratory evklanee of mastitis, whilst in 12 the milk wm un- 
altered. The average number of infected quarters per cow was 2*6. 

Comment 

In Herd I the contagious form of streptococcus mastitis was radicated within 
a reasonable period in spite of the high original incidence (55 per cent) and th# 
fact that for the first 18 months infected cows were housed in the same shed as the 
healthy. It is to he noted, however, that during the first 18 months many animals 
in the healthy group showed new infectiouB, viz., 22 per cent in 1931 and 12 per 
cent in 1932, a circumstance which there is reason to believe may have been due 
in some measure to slackness on the farm. There is no doubt, of course, that the 
eradication of the disease from this herd was facilitated very considerably by the 
decision of the owner in the autumn of 1931 to reduce his stock. Most of the in- 
fecied cows were sold then or during the first half of 1032, and other infected cows 
ware from tliat time com]>let€dy separated. 

Apart from mastitis due to G, pyogenes, which has caused the loss of a small 
number of quarters, the herd has been strikingly free from obvious udder diatur- 
banco due to streptococci other than Str. agalaciim and during tlie last three years 
there has been practically no mastitis of any kind. 

Heed J 

This herd belonged to the same oumer as Herds K and L, to be described 
next. Infected a.nimals from Herd>s J and K wore sent to otlu^r premises for isola- 
tion. There has been some interchange between tlie animals of Herds J and K 
although different attenda-nis wore used on the two farms. Early in 1933 it was 
decided to raise a new herd on another farm, starting with freshly calved heifers. 
This is designated Herd L. 

^ Herd J consists of about 45 animals of the Ayrshire breed and is mi^mtained 
entirely by homedyred stock. It is free from tiibereuloBis ; the eradication of con- 
tagious abortion was begun in 1932, a.nd at recent tests there were no reactors. 
Milking is carried out by maclnno ami all cows are stripped by hand. 

The first tests for mastitis were carried out in November, 1931 and by the 
end of 1932, 55 animals of the original herd had been tested for the first time. Of 
these 55 animals, 36 (29*1 per cent) were infected. 

} 
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„^om5,wl at intervals of three months during 1932 

All animals in milk All found to be infected at the first 

and subsequently at six-moi convenient to the owner. Post-ealving 

or later tests were remove^ _^\nimals found to be infected at any given teat 
samples were not exammed As mentioned, up to the 

had, therefore, abeady been at their first tests ; in 1933 

end of 1932 16 S total number of animals classed as healthy 

one r77r\Tn^931 -- 62. Of these 92, 16 wore under 

at their first test in 193 . , ‘gg fo^ two, 20 for three and 24 for fourlacta- 

f made of each cow was from 2 to 1 1 , a total 

:f tlirrSd ^ the end of each year and the movemente during the 
previous twolvQ 

The aeneral character of the mastitis originally present, which was almost 

.owrof “”>■«»" ‘y!*’ T f W of 

^ -f flip nrifyinal herd found to be infected, 4 showed at or about the time ot 

OTiLnce of mLltis, whilst in 3 the milk was unchanged m any way. The average 
number of infected quarters was 2. 


Year 


State of 
Herd at end of 
each Year 


Additions, Eemovala and C?ows which 
became infected during previous 12 
Months 


Healthy 
:■ baemne. 
Infected 


Healthy 

Added 


Healthy 
'.Removed ' 


19S1 

1932 

1933 

1934 

1935 


6 ( 20 * 0 } 
3 (9*7) 


(9*1) 


3 (7*0) 


For explanation sec table for Herd A, 


Although originally nearly one-third of the cows in this herd were infeeted. 
it is somewhat surprising that the infection has not been eradicated, since infeeted 
00 W 8 were removed to another farm. It is encouraging, however, that, whilst 
the numbeT of animals in the herd has increased, the proportion of new infections 
i th ™ to 7 • 0 per cent in 1 936 . 


Hbbd J 
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between Baiiipliiiga and Ix^eaiise newly added cx>w»S“many of wiiieli were iiifcekd— 
were not examined until the next herd test ; also because cows found to be Inieetecl 
were sometimes not removetl for weeks or months. With one 
herd has been free from mastitis due to causes other tlian Mr, wliiist 

obvious mastitis due to this organism, has cHsapptmredj. such Jnfeetion have 
occurred being detectable by laboratory methods only. 

, HeebE , 

TliivS herd now consists of about 50 animals of tlie Friesian, Ayrshire^ and 
Guernsey breeds. It is maintained solely by homebred stock, and is free from 
tuberculosis. The eradication of contagious abortion %vas begun in 1032 and tlie 
herd is now free from reactors. AlUking is carried out by hand. 

Mastitis control was. begun in November, 1931, and l>y the end of 11)32, 113 
animals of the original herd had been examined for the first time. Of these §3 
ammals, 50 (53 * 8 per ceiit) were infected. 

'HeBB E; 

I . j Additions, Beniovals and Gows whkdi 

, ■ . j bminic infoeied during previoiis 12 

— , I Motiiim 

bfcato ot 

Year Herd at end of tj* m 1 

each Year palthy | Healthy Hcmitliy 

became ; Added lietimvi.Hl 




For explanation see table for Herd A, 


All animals in milk were examined at intervals of tlirec months during 1932 
and subsequently at six-monthly intervals, those found tiGn* infected at the 
first or subsequent tests being removed as soon as convenient to the immr, Ft ost- 
eal ving samples were not examined and animals found to be. infect eti at any given 
tost had, therefore, been in the herd for somt? time. As aireaily stated, 50 animals 
were found to be infected at their first test up to the end of 1032 ; in 1033 ami 
the corresponding numbers were 7 an<i 3. The tota.l miriiiKU’ of animals tdasned 
as healthy at their first test in 1031 or subsequently was 125, Of tiht*so 126, 4B 
were under observation for one lactation or less, 39 for two lactations, 30 for thrive 
and 10 for four lactations. The number of examinations of eaeii cow was from 2 
to 10, a total of 480 or an average of nearly 4 for each animal. The talde shaws 
the xiumber of animals in the herd at the end of each year tiu:5 events during 
the previous twelve months. 
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The general character of the mastitis ongiri^ly which wa.s almoBt 

solely of the common chronic type, can be gathered from the following data: of 
the 50 cows of the original herd found to be mfected 8 showed, tit or about the 
time of test, clinical symptoms or marked naked-eye changes in the milk, 31 
showed definite laboratory evidence of mastitis, wdiilst in 11, the milk w'as un- 
changed in any way. The average number of infected quarters was 2 * b» 

Comment 


Although since infected cows were removed, it might perliaps have lieen 
expected that the disease would by now have been eradicated, the laot that the 
number of infections has steadily fallen wliiist the herd has been increasing is 
satisfactory. Thus, whereas the original percentage of infection was over 50 
per cent, the percentages of new infections in 1932, 1933, 1934 and 1935 were 
44, 33, 10 and 7 • 8 respectively. Failure to eradicate the disease may have been 
due to the same factors as operated in Herd J, The herd has been entirely Ixee 
from mastitis duo to causes other than * agalacMmi whilst mastitis due to this 
organism has been confined to latent cases. 

Hbhd L 

This herd was formed early in 1933 from froslily calved Ayivsbm* luafers 
belonging to the owner of Herds J and Iv. It is free from tubercuiosis and con- 
tagious abortion. The animals arc hand-miikcd. 

Tests were carried out at intervals of six months ami any inhadeMl animals 
at once removed. Post-calviiig samples were not taken. The total number 
of animals which have come under observation is 48, of which 13 have been in the 
herd for one lactation or less, 16 for two and 19 for three. During tins pc?riod 
they have been examined 2 to 0 times — a total of 266 cxaininations or an xiverage 
of between 5 and 6 for each cow. 


The state of the herd in February of 1933 and at the end of each year and the 
events during the preceding twelve months arc shown in tlio table. 

Hbbd L 



I AddidcBis, Hrnuwals autl CJows which 
J became inltjetr-fl <hirinj2: pnwious 12 
I Months 


8tai>o of 
Herd at cud of 
each Year 


.1 foalthy 
bi'came 
Infechxi 


Healthy | Healthy 
Added j Kemovtd 


For. explanation see table for Hard A, 


ON BOViKE MAHTitiH 



Total 


Comment 

Of the 23 iioitei-fs drafted to this herd at tiio bogiiming of 1S)33, otic whs fontid 
infected at the first tost. Twentj-^-six other !io)for.s iiavc l.icen iuldcti jiik! up to 
the time of tliis report two ha\’-o iieen found to bo infocfcd. Ahhongli it was 
hoped that no infection atall would appear in this herd, the msitlt.s arc .satis- 
factory so far as they go and show that when newly-ealvcd h(‘ffor.s an.' kept aptirt 
from older cows the spi*ead of (tyaltictio^ can be pieieiitcd* 

from one heifer which showed some disturbance in two tjuari.T.s, dtic 
to Group HI streptococci, the lierd has been free from udder disturbance of atiy 
kind. 

The Incidengb of Infection in Cows of Dii-fekent A<;e.s 

In Table 6 is given a summary of the data obtained at the beginning of our 
work in Herds 0, 1, J and K, to show the iacidenco of infection in cow.s of ilillVreiit 
ages. In those herds the original incidence of infection was 3«-2, .b.’cl, 29-1 
and 53; 8 per cent respeotively. Whilst the aotiial figures for age innilciuH- vary 
somewhat in the individual herds, there is a gradual incrcaso of inicciion with 
succeeding lactations, and it is seen that unless precautions are taken Ivi protect 
Iioifer.s from infection a,s many as 30 per cent may become infected in their iiivsl 
lactation. These findings arc similar to those of others, e.rj., Seelcmauu (1032). 

Tabbts (I 

Lncidmncio iiv agnkwim in Rs^lation to mK Number of RAUTATinNm 


■Herd . 

.1st Luctiitiou 

2ud 'Laeialioii 

Total 

:■ N^umber 
affoeiod 

~ ' ■ 

cent 

Tot^al 

.Nioiibur 

afiVtOod 

Fct imit> 




O' 9 

23 . 

• . ,7 

30-4 


U- - 


. 2o*9 . 

(U 

■■ ■ 3S 

02 %1 

j 



5-9 

■ 1 ■ 

1. ,, 

14' S 




30*0 

12 

3 

25-0 


■ ■ ■ - -1 

S?-V 

■ ■ IS * 4 ■ 

i 

103 

« ! 

■f 

47*0 


■■ ■ ■ '3rd'; Laetiitioii ■ 

■ ■ : 

41:1 1 i 

,o iOtb Lard 

atioim 

Vi-r 

Total ; 

; ■ N’liKibor ; [: 
iifiix’ited I 

Per oimti 

Total : 

Nurnhof 
affooiosl ; 

14 

: 8 ; j 

57*1 ' 

23 :• 

17 ' 

73*0 



71*9 

11 

111 

100 '0 

s 

2 i 

. 25*0 

2S 

12 ' 

o2 * 2 

11 

® ; 

81*8 

50 i 

■ . . r 

32 1 

.1 

IM'O 

65 

. 42 ; j 

i ■ 

64*6 

107 i 

i 

72 i 

i 

67*3 


Herd 
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DiSOIJSSION : 

In 1933, Minetfc, Btabloforth and Edwards demonstrated the possibility of 
assembling a herd of cows free from 8tr. mjalacAe infeatiou. The imtial incidence 
of infection in the herd concerned (Herd B), which contained 49 cows, 24-5 
per cent, and in 1933 infection had been absent for about thrcc-aud-a-half years. 
Ali tliG pr6S6iit (iuito tiic liord. is still Itgc, 

In 1933j control work was also proceeding in tli(3 six herds now benog discussed. 
It wiis hoped that by the nso of similar measures it would bo possible to eimhcaie 
the disease from these herds or, at least, to reduce the number of now udbotnurs to 
such a point that, with the normal disposal of animals as they got oldeij linal 

elimination woiild be in sight. 

In Herd I our hopes have been realised, since it has now been free from infec- 
tion for nearly three years. Herds A? C? d and K on the other hand have 
continued to show new infections, although in all four herds the proportion lurs 
steadily fallen whilst the siise of the her(ls has increased. With ileids J and Iv a 
number of circumstances have probably contributed to the failure to eilect eradica- 
tion. Thus, the intervals between herd tests had to be prolonged to about six 
months, post-calving samples were not examined, and ireshiy dratted cows were 
not examined at once, and, finally, it was impossible in some cases to remove 
infected animals to the separate farm for Borne weeks or months. 

With Herds A and 0 there were several factors which increased the difficulties 
of control. Firstly, although the owners had prescribed strict precautionary 
measures for preventing spread of disease, a large infected section had to bo main- 
tained in the same or neighbouring sheds. Although it is difficult to see how 
the precautions taken could have been iBij>roYecl, the results, in conjunction with 
those of Herd I, suggest that the procedure of keeping infected and non-infected 
cows in the same or adjoining sheds is less satisfactory than the total removal 
of infected cows. This accords with the view of Seelcmann [1933], that unless 
infected cows can be quickly evacuated, the removal of infection by suitable 
treatment is in most cases a valuable and perliaps essential aid to crafficatiou. 
Secondly, in both herdvS the retention of Str. agalaetm in&cted cows has Jiclped 
to keep up tiie size of the infected group. Thus, in Herd A, tiicro hm been a large, 
number of cases of clinically evident mastitis due to streptc^uocei other than Mr, 
agalaciim, appamitiy arising in a sporadic manner. The Sk\ agaluUm infections, 
on the other hand, were insignificant (flinically, and it was not to be expected, 
therefore, that the owner would evacuate these in preference to the more obviously 
affected animals. In Herd 0, it is to be noted that many infected cows were re- 
tained much longer than they would have been under ordinary circumstances 
to their high pedigree breeding value. 



In Herds A and 0 the results at first appear to be disappointing. Whan 
Ifiel'data are laialysedi fioweyer, the ^results axe less discouraging than they appear. 
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. T+ Kp noted that, in 1632 the laboratory control 
for the follow na reasons. It shouln oe nouu wko m _ 

mad. more Jtrfct »«1, al,., that a »l»t™ .ari.l.m.nt 
capable of detecting very small numbers ot 

increase in the number of new infections revealed uiHeids A ^ 
thus be aceounted for. It follows .at the same time tliat 

nrior to 1932 was probably higher than is represented by the fi,_nrc.% „i\cr. 
sequent to 1932 the numhm' of new infcetioim fell, although not so much as was 
anticipated In both herds a large number of new infections— mostly wd b noii- 

liagnosed solely by _ means of 

medium and such animals were practically always giving normtd milk.^ In a few 
cases chronic infections developed later or an obvious mastitis as.socuited with 
large numbers of streptococci, but in nearly all eases infeetion was shown af 
te.st and not at subsequent tests. In practice, however such cows were alway s 
treated as infected and they appear as such in the tables, so long ^ 
still present in the herd. Thus, although the inleebxl .se.>tons 
these two herds, many of the cows tiierein are not m fact infected at th 1 r • 
date. On the other hand, most of the eases wdueb wei-e dmguo.<ed by direct 
plating of milk deposits have shown persisting infeetions. It shun d 1 h> said, 
Inallyt that the streptococci concerned in the transient intection.s n».niioned were 
typical St-r. agalacMce biochemically and serologically and hmsome have 

been found Spablo of producing a chronic inf.miion when nijectcd into the mUler 
of goats experimentally via the teat canal. 

The experience in Herds A and C is of particular interest in o-stebllshing 
the fact that 8tr. ogalaMim is capable of setting up t.rausient sclf-healuig mfeotions 
which can only, he detected by the most stringent bacteriological teste. Since 
lost of such Sections were diagnosed by the enriehment medium only there 
is some reason for regarding the use of an enrielimont medium as suiicTfluous 
for the control of the ^sease in practice. 

Herd L remains for comment. This, it will bo reinembercd, was formed 
from freshly-calved heifers and hence was expected to remain entirely free trmn 
8tT. As already stated, bow™, one heifer was touml to be mieeted 

at her first test and two others subsequently becaim; infeaed. h.evullH less, 
the disease is well under control and, although it is still too soon to eotieiwle that 
infection ivill not appear later, the incidence of infection amongst, these uinmulH 
most of which are now in their .second or third Imdation, need only bi-mn pared 
• with that shown in Table f. to realise tb.at where ebroine mastitis is at a ! prevalent 
the formation of a separate heifer herd is a momune of tlie greulest value. 
EmiLsis has been laid in .another ari.iele fStahlcdbrih. 1935] on the praet lea hill ty 
of forming a sepa-rate herd from young animals and the value oi this pn.ee, Jure 
in protecting them from infection with other clironie eonlagions .lisease.s bnaVios 

mastitis* 
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SXTMMAUy AND OOU^OLTOIOKS 

An account h given of attempts in six fiords to control chronic mastitis due 
to Sir, agalmiim. Latent infections Avere diagnosed bj making ciiitiinil tests of 
the millc in blood agar plates or in a seleoth^e enrichment medium * these methods 
being supplemented by taking the chemical reaction of the milk and by noting 
the amount and character of tlie centrifuge sediment. Tliese tests were made at 
three- to six-monthly intervals and in three herds also shortly after calving. 
Infected animals were milked after the healthy ones either in the same shed or in 
another shed on the same promises, or they were removed to another farm and 
milked by different attendants. 

One herd (I) in which the original in oidonce of infection was 55 per cent 
has now been free for three years, a contributing result being the early sale of 
most of the infected cows. In three others (C, J and Tv) In AYliich the < original 
incidence was 40, 30 and 53 per cent mspcctivelj^ the number of new infections 
has decreased during four to five years to 9*3, 7 and 7*8 per cant respectively 
in 1935. Herd L tmder the same ownership as Herds J and K was built up cxirly 
in 1933 from freshly-calved heifers and is at present free. In Herd A, the 
incidence and numbers of new infectionB were at first low ; the number of new 
infections rose in 1932, but since then has steadily fallen to 5* 3 pc^r cent in 1935, 


The results are discussed in the light of the conditions provaiHng in each 
herd and of the degree of control that could ba exercised. For instance, in Herds 
J and K, although a separate isolation farm was used, the interval lietween tests 
could not bo less than six months. In Herds A and C infected cows AYore kept 
in 'the same shed as the healthy or in sheds on the same premises, but in both 
herds, for reasons given, infected cows were retained far longer than would nor- 





mally have been the case. Actually in Herds J, K, A and C tlio results are 
more encouraging than they appear. Thus, in general the new infections due to 
Sir, ai/ahctm ha^ve been insignificant clinically. Also, the real incidfmee of infection 
is at present less than the above Btatement implies because many coavs, in which 
Infection was diagnosed only by means of the enricbment medium and on one 
occasion only, have now been free from infection for at least two ycuirs altfiough 
in practice they are still regarded as infected. 

The experience in the present herds and in Herd B of the previous paper 
[1933] justify the following conclusions 

(1) "Eradication of contagious streptococcus tnastitiB may be achieved under 

Aatly itu%a|ed if ^fected 'bows can he evacuated within a reasonable time. 

of the infected tidder with a suitable baoteri* 
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(2) WMlst in nearly all cases leads to permanent infection^ it 

occasionally causes transient infections detectable only by the use of enrichment 
media. 

(3) Experience has shown that the disease does not arise sporadically once 
all known sources of infection are removed. New infections must, therefore, be 
due to errors in milking or to deficieneies in methods of diagnosis. 

(4) The formation where possible of a separate heifer herd is a measure of 
the greatest value. 
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KeprodBctiTe Horn im .Bomesiic Animals., Cl H. Habt and 

H. H. CoLB (1930). J. Amer. Vet Med. Assfi., 88, 12-23. 

The authors have demonstrated the possibilites of Ijamrssing the hormones which 
control the physiological process of reproduction in inanmiab ft»r tlun^apeutic 
application in correcting dysfunction of roprodiictivo organs in both sexes in our 
domestic animals. The homionca concerned in reproduction are Gonadotropic 
hormone, Oestriii, Corporin, Male-sex hormone and Prolactin. l^Iost of these 
hormones are inoSoctivo when administered orally, as they arc rendered biologically 
inactive in tho gastro-inteatinal tract. 

The gonadotropic hormone is indicated in cases of impotoncy in maicB of any 
species of Mammalia as well as in females that fail to come in heat. This hormone is 
obtainable from the blood serum of pregnant mares from 37th to 200th day of preg- 
nancy and from tho urine of jn-egnant women. Tho authors used pregnant mare serum 
in their studies as in this material there is no danger of anaiibyiaxiB in other spt eics 
and no loss of potency in storage, Tliis Bcrum is readily Btondardked to a concentm- 
tion of from 50 to 100 Eat units per cubic centimetre and it m voiy f3unBtant in the 
relative amounts of folliclo-stimulating and iuteimBing principles, OntJ rat unit is the 
amount that will produce from three to ten mature hillicles in each of nix iironatura 
female rats and half of whicli amount will fail to prcjdueo a vaginal smear of oeetnun 
in a second group of six rats. 

In ewes and sows 100 to 250 B. V, are sufficient and in tlic male, approximately 
double the dose for females is recommended. 750 B, U. are required to prodxico a 
physiological reaction m cows and mares. Tho authors claim good results by the use 
of this hormone on a stallion, boar and bull that were impotent. In wild animals 
in captivity, unresponsive males served their mates as early as 24 hours after injec* 
tion. 

Oestrin, now available on the market, in sufficient' dosage stimulates the uterino ^4 

musculature to most marked rhythmic contractions anti for this reason can bo uhocI in i 

causing the evacuation of the \itarino contents in eoBOB of pyomotra and in increasing 
the epithelial cell activity in chionic metritis and vaginitis. The authoi:^ have not 
given any data regarding th© indications and responses of Oorparm and male-sez hor^ 
mom. 



Frolaatin, also available in the market, is indicated in bitches or females of 
other species that fail to produce milk following parturition. However, this hor- 
mone has no place in increasing tho normal milk dow of a laetating cow. 

'■ Th© a^^thors remark that interesting and valuable results ban be expected from 
the^us© of tte© products as tferapeuMc agents when the product to be used is ear©- 
fully and- iudi^rially applied* [P, B. K^] 
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Die Stallirotkrankheit des RIndes. (Chronic Haematuria of cattle.) 

SoHLEQAii, M. (1934). Mumh: Ti^ranz Wchjt. 85. pp. 389-393, pp. 404, 
408, and pp. 418-421 (with 7 illustrations). 


In continxiatioh of Iiis first two articles of this series (Abstract iix this J ouffial 
6, 305), the author records observations upon aspects of heamaturia. In the ligiit 
of the existing knowledge upon the mineral metabolism, role of vitamins, blood cons* 
tituents and the physiological mechanism of ciotthig and reteirdation of clotting 
of blood of normal cattle, each of which has been diseus,sod in detail, the author 
attempts to explain the causation of tho disease and suggests tentative measures of 
control. The calcium and phosphorus content of blood serum of some healthy and 
17 haematuria cases arc estimated, and tho figures from all the diseased animals are 
found to be low” compared to tho normals. Tho low'^est, highest and the average values 
of calcium in haematuria are given as 6*95, 9*97, and 8*46 mg, per cent respectively 
and the corresponding figures of phosphoric acid as 11*8, 15* 1«5, and 13*61 mg. per 
cent. On supplements of calcium and vitamins being given to tho affected, the.Ko 
figures showed a rise, contrary to tho case of the untreated controls- — the calcium 
contont of one of these controls dwindling do\ni almost to zero. In spite of the favom*- 
able Ca : P ratio secured by supplements, some of the treated cases w^cro found to foe 
incurable, and tho author ascribcB this to the prtsenee of advanced lesionB in tho kid- 
ney and the:s urinary bladder. Smears from, the jugular l.>h3<)d wt^re stained by different 
methods, and inooinplet(f) stn,ining, tho prc'sonot^ of ] jrr>ken cr5'thr()eytes, colls of unecpml 
size, anisocytosis, and presence of diffuse basf>phiIo granules in red cells -were notiof d, 
Lymphycytes, basophilo and ueidopluio cc^lls wer<"‘ found to bo m‘>r,ni,al l>iit a considtor- 
able increase of the neiitrophile leucocytes was observed. These oxandiiairions wtoro 
carried out at weekly or fortnightly intervals during tlie w’hole coisrse of the tiiseasn. 
While a gradual fail in erythrocyte count was recorded w'ith tho a<i.lvftMce of the disease, 
normal values were regained by either effective treat-merit or removal from notorious 
localities. Cultural examination of the blood and urine fco* the presence of pathogenic 
bacteria and protozoa "was carried out on various media imder vai'ying conditions 
but only negative results were obtained. In haematuria, the haemoglobin content 
of blood varied from 30 to 60 per cent of tho nornmL The blood was found to bo 
more fluid with decreased coagulability, and this is ascribed to the calcium deereaso, 
and absence of thrombogen and thrombokinase, which are destroyed by some toxic 
irritants from plants, which reduce the tone aiid elasticity of the blood vessels of the 
urinary system as a result of the paralysis of the \'^asoeonHtrictor nerves. Tho toxic 
substances mentioned are anemonin-camphor — the active principle of certain 
Banunculaceao and of Caltha palmtris. 

Regarding the cure and control of tho disease, tho provision of fodder sufilciently 
rich in calcium and vitamins with the addition of large quantities of molasses has 
been recommended. Artificial mamiring and dressing of soil, and drainage of land 
are suggested. Twenty -weight cows and five oxen, subjects of haematuria, wwo treated 
with difierent proprietary preparations including Yigantol, Ohemosan, Claiidan, 
Stryphnon, Yitakallr, etc. The action of Stryphnon was found to be comparable 
with that of Adrenalin in this disease, but more lasting results were obtained. Boses 
of 10, 20 and 40 e.o. of 1 per cent solution were given subcutaneously. E. Merck’s 
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Ephedralin, in a 9 c*c. dose,, administered once siibentaneonsly produced similar 
results. Of the above treated animEds, 15 cows, and three oxon are stated to have been 
cured, while 10 cows and one ox had to be slaughtered. 

The histopathological details, and the clinical s^mxptoms described ai'c in confor. 
mity with what is already known, [S. C. A. D,] 

A new toxicant occxirring naturally isi certain samples of plant foodstuffs t 

IX. Toxic effects of orally ingested selenium. KtjE*r - W. Fhanke and 
Van R. Pottee (1935), J. Ntiiriiion 10? 213-22L 

X. The effect of feeding toxic foodstuffs in varying amounts, and for 
different time periods*. Kubi? W, Fbanbe (1935), lOi 223*230. ’ 

IX. Sodium selenite when fed to rats in doses corresponding to 22*3, 33*5 and 
52*1 parts of selenium per million of a control wheat diet, developed symptoms of 
poisoning practically identical with those produced by the natural plant poison 
found aBSOciated with the protein fraction of gome cereals. High levels of haemoglo. 
bin prior to a certain critical period (the ninth to seventeenth day oi the experiment) 
followed usually by a distinct tendency towards anemia, voluntary restriction 
of food intake adversely affecting the rate of growdh and profound pathological 
changes in the liver, spleen, kidneys and Bomotimes in the roprodiretive organs, 
are some of the main symptoms- of sclomum poisoning. The toxicity of m^lonium 
depends upon its ionic combination and although it has not Imm delliiitoiy^ proved by 
the authors that the toxicity of cereal grains is strictly proportional to their soleninm 
content, the results support the view that seionium is closely connected wdth the 
natural toxicant* 

X. Feeding experiments on rats with varying amounts of toxic grain have showui 
that even a concentration of 17*5 per cent of it in the diet produced depression of 
growth rates and caused deaths. As the percentage of toxic foodstuffs in the diet was 
increased, the consumption of food by the animals decreased, foHowod by retardation 
of growth rates, pathological lesions and deaths. 

Bats kept on a diet containing toxic wheat for 30-, 20-, and 10-day periods re- 
sumed normal growth when they were changed to a control diet of safe grain, but 
the damage to the organs was never repaired* [A. €. B.] 
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CORRBSPONBEMCE 

JOWAR {SORGHUM VULGARE) POISONING IN CATTLE 



[The correspondence published below, regarding the article published in the 
December (1935) issue of tlio Indian Journal of Veferhmry Sdeneeand Animal 
Husbandry^ on Jowar (Sorglimn vulgare) Poisoning in Cattle'" by G. K.Sharma, 
GP.V.C., is of considerable practical importance. It is a well-imtheiiticated 
fact that the sorghums and a variety of other fodder plants, including certam 
grasses, are poisonous to stock in certain eirciimstanceB. It is well, therefore, 
that stock-oTOers should be warned of the danger anti that veterinarians should 
be informed of ready means of making an accurate diagnosis. ’Ftom enquiriea 
made by the Director of Veterinary Services, Punjab, at the Hissar Farm, it 
appears, however, that very large quantities of jowar have been fed to their 
cattle for many jmars without mishap. The matter is^ therefore^ one in regard 
to which an open mind should bo kept but it is clear that the danger of 
poisoning by such plants should not be lost sight of.“EDITOR,] 


Sm, 


The Editob, 

Indian Journal of Veterinary Sedem^ce- and' Animul Ilmbmidry,' 


I notice with pleasure in the Indian Journal of Veterinary Seiencb and Animal 
Hu$ba7tdry, VoL V, Part IV, December 1935, an article, Jowar (Sorginun vulgare) 
Poisoning in Cattle ’’ by G. K. Bhaniia, G.P.V.C. An article of this kind Is very 
welcome to us of South India -where the main fodder for cattle is joimr or jola^ 
as it is called. Apart from -what grazing {-which in sometiines very poor) the 
cattle can pick up, they are fed onjohy ragi and paddy straws. During the gro-w- 
ing season, however, green jola is fed in large quantities. So an article on this 
subject is of special interest to Mysoreans and will have effects all over Mysore 
State, if the advice is of real value. As I have been resident in Mysore State for 
more than ton years, I venture to offer soino remarks on jola, for feeding to 
stock. 

I have been in charge of this Palace Dairy Farm for the past seven years 
and can speak of personal exporionco in the matter. Tho average annual rainfall 
for this Farm and the surrounding districts is about 30 in. , some years more ami 
some years less, Mr. Sharma’s article seems to have a special bearing on the 
conditions here in that every year drought-conditions prevail, this dry \veather 
extending up to six and seven months, and the nature of the crop is conditioned 
by the good or bad rains that were precipitated, the crop being sometimes veiy' 
stunted. 

{ m ) 
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Mr. ■ Sharma’s: article* ■ Wlieii, there is, scarcity of rain, 
, .■'the'-fortaald^ Bimple' dehydration' gives rise ■ to prassio acid and" water 'h 

which would lead to the iiiferonca that during droighty weather there is an abini- 
•; dance; of 'prassic: iii'th6;^fo :plantt.which ■niate' it misafc'do .feed to;8tock. 

■ I'' havo "'neYor' ,':heard* ;howeyer* ■ of , serious ' oasttaltieB among eattte' dimng' this 
period. 

' ' . The chief fodder for the oattleot' the Farm isjda. which wo grow during the 
■'■rains.: and: is fed either greenor as silage. ■ There ■ has 'never hcoiiu. casualty bo .for 
.' ;tlirough feeding this fodder. ,■ On 'the; contrary, ' it xnakes excellent^ green feeding 
and silages both of wlucli mamtain the during tinien when there 

or no 'grazing in the pastures. 'This jViu iMdca’ is euiVrvlien' the flowers 
open, i. c.j. wdien its feeding value is at its highest. Tlio cattle relish it very much 
and give good returns in inilk^ 

■ A point of interest %vorth noting is that in Bangalore district the variety 
of grown is the red or khaki while that groAvn in .Mysore district 

and other parts of the State is the white variety, called ** bill ihte Ijotani- 

cal sjiccies being tho same. I have grown and feel green to stcuh both varieties 
without any casualties, aitliough the strength of tho herd is over 320 heiuL 
There seems to bo a ditfereneo of opinion us to ono variety being more ])(>lsononH 
than tho other. In any ease oven among tho ryofs. it is considm-ed safe to fecai 
green joh to cattle when tlm flow'ering stage has reached, wli<‘n the Juh is said 

to have little or no prussic add. 

Another interesting point is that green join can and has been fed to or grazed 
by eattlo before the flowering stage has been reachecl without grave residts. 
Noticing this feature I made enquiries of the local r 3 ’ots as to w!\y it is not tlangcr- 
ous to feed green jola before the flowering stage has been readied. The reply 
given me by an old stager wm tiuit jola is safe to feed when one or raoi'c 
nodes have formed on the stalk, which is In reality quite a 3 xnmg stage, i^fore- 
over, young ratoon jola (second growth that comas after tlio crop has been cut) 
has been grazed without dire results. 

Experience in Mysore State shows that green jola can bo fed aafedy to stock 
even If tho plants have become Btmited through drought, a eoiidition that has 
been rather frequent within the past few years, In Mysore District alone. Tho 
ryots from long tradition, which comes of exporienee, know that green Jofo in quite 
safe to feed to stock. In fact, who has not commonly secui a ryot squatting on 
the ground holding his cattle by the nose-strings and puehinig the green jola stalks 


cobubspondenge 
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We, in Mysore State and Soiith India in general, will become extremely alarmed 
if articles on sorghum poisoning should proliibit us from feeding stunted, green 
jola to cattle. If there liaye been no casualties through feeding green jola^ wdie- 
ther welhgrow or stunted — in fact it is more general to see short, Btuiited §ol(t 
being grazed off rather than to permit it to ripen for harvest —it is not becauRO 
sulphur or some other antidote has been administered as a preventive for 
cyanide-poisoning. The ryots’ cattle -will consider tliemselves oxfcrcmiely 
fortunate if they get a lick of salt ! Ryots as a rule arc not given to spending money 
on modem or ivestern veterinary medleameiits, simply because they cannot ali'ord 
■ it., 

Why the Mysore cattle survive, even after eating green JoZu, seems to me a 
special field for investigation by biological chemists. The climate and soil of Mysore 
State will, in most probability, be one of a different nature from tliOBc prevaih 
ing in the Punjab, but the climatic conditions liercs seem to bo excellent for 
cyanide poisoning according to the findings of Mr. Sliarma. 

In conclusion, I would like to say that until physiologicfal and biological che- 
mists and investigators can enlighten us more on the jicist'niiig effeet.s of b3xlro- 
cyanicacidingreenjoZrut seems to be safe for the M.3'soro ryots and animal 
Imsbandiymen to cony on, as they have done in past ages, of feeding green jolu to 
their' livestock, ■adopting the simple precautions of thej past, .■ . 

I shall be much ol)lig;ed if ^-ou will IdndJ^^ pubiish the al>ovt^ uiattcfT in 3'our 
next issue in order that it ma^" alleviate that aiiimal husbai'Hhymcn may 

be feeling regarding the feeding of green jola to eattlo after rertding the article 
on jo war poisoning. 

Rapankere Dairy Farm^ ■ ■ ' ■ Yours-, etc. 

TM PaUce, Mysore, P. McTsaac.% B.So. (Hohs.), 

: : Dated 27th Memtmfy, ^ ■ . Ph. D. (E.bin.) ■ 


To 

The Ebitor, 

Indian Journal of Vderinary Seieme and Animal Hmhandra. 

Sib, 

I am glad to receive the evltklmi on my '' Jowar {Sorghum vulgare) 
poisoning in cattle’’ by Dr. P. Melsaac. 

Dr. Mclsaac says that he has grown and fed green jola 0 orghuM Dulgart) 
without any danger to the cattle of Palace Dairy Paim, Mysore. Ho further 
adds that green jola can be fed to stock safely, even if the plants have boeoma 
stunted through drought. 
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I quite agree with Dr. Melsaac that grecu heaithy plants can be fed safely, and 
it is clearly mentioned in niy article that normally it forms a whofeBome fodder 
for animals. The point to discuss is whether the plant when wilted and Btoited 
or under other abnormal conditions mentioned in tlie article, acquires toxic 
properties or not. Dr. IvIcTsaac holds that it is absolutely safe to feed the cattle 
on sorghum under all coiulitions. 

Now let us analyse the facts in the light of recent research and anatytio 
works done on sorghum in India and abroad. 

1. Tarantino, G. B. (1935) Toxicity of yomig sorghum, Clin, VeL Ilihno, 

68, 66.-73. 

Experiments wore conducted to determine the variations in toxicity of the 
plant. One horse, two oxen and two goats w^ere given a dic^t consisting solely of 
sorghum which had been grown for 30 days. On the 4th day of feeding the 
horse and oxen became ill and died uiioxpoeted in a short tinio, 

2. Busso, L. (1034) Cyanogonetic plants, sorghum gentile poisoning in 

cattle. Bolk 1st, Zooprafil, /Jper, Turin, Marcli, pp. 34-46. 

The oyanogcnetic compounds occur in plants at the points of greatest meta- 
bolic activity and their formation is iniioojiccd by such factc^rs as light, soil-condi- 
tions, moisture, etc. Varieties of sorglium have recently Ix^crn grown in Italy for 
cattle-fodder and the author records several eases of poisoning. These plants 
contain a cyanogenetic glucoside and an cuissyme whieli together produce a 
dangerous amount of prussic acid under certain conditions. In one ease, two 
animals died and several others bacaxno ill after they had received a diet conBisting 
solely of sorghum gentile. Young sorghum plants or those grown under unsuitable 
climatic conditions or on land which has boon heavily manured with nitrates are 
likely to be dangerous. 

3. In the Punjab it is commonly known as aokar (stunted) §owar poisoning. 
Col. G. K. Walker, the late Principal of the Punjab Veterinary College, Lahore, 
says in The Veterimry BidleMn No. 1921, When crops oijowar suffer from want 
of water it is found that the leaves of the young plants elaborate a poison. If 
eaten by cattle the following symptoms are noticed. DuUness followed hj 
tympanites, foaming at the mouth, oto. Death frequently results/^ 

4 . Coleman, P. F. (1934) carried out a comprehensive series of analysis for 
hydrocyanic acid (cyanogenetic giucosido) on several species of sorghum at various 
stages of growth. In all species hydrocyanic acid content decreased as the 
plants matured. (For details please see the Bepl Bepi, Agrl 1933-34, 

144447), . ^ ^ 

6. Peters, Slade, and Avery (1903)* Poisoning of cattle by common sorghum 

KafiSr Agn £ot Bulk 77 (JSaipenmenial stathn V, 8, A,), They 

the -elaboratioh 'in it:;: 


COURESf'ONIiENOH 



of oerfcaiii compounds oapable of decomposing and yielding the poisonous hydro- 
cyanic acid when masticated and hikon into the stomaeli. A case of a heifer is 
described which drojiped to the ground in ton ininntes after having i)een driven 
into a sorghum field, 

6. Wittman, J. J. and West, R. M. (1!)15). Notes on the hydrocyanic acid 
contents of sorghum. Jovr. Aijrie: Research, WjI. 4, p. 179. They have shown 
that inadequate water supply is usually accompanied by hxgli ' prussi<! acid 
content. 

Aveiy sa^s that the amount of hydroeyanjc acid is greater in stunted 
plants. Maxwell believes that soil rich in nitrogen produces plants rich in the 
glucocides. 

I would quote a few more experimental works done in the neighbouring pro- 
vince of Dr. Mclsaac, viz., Madras. 

7. Aoharya, 0. N. (1933) Indwn Jour, of Agrumlturnl Scimce, Vol. TIT, 
Part F, pp. 851-868. Investigation on the development of prussic acid in chohm 
(Sorghum vulgare). Ho commence.s his articks with “That cholmi {Sorghum 
vulgare) under certain conditions of growth becomes highly poisonous for cattle, 
has been known tor a long time past.” He analysed the plant by three diiforont 
methods and found the highest percentage of prussic .acid in stunted Sorghum 
vulgare plants (vide Table 3, page 853). He further menti..n.s that a. field ef Peri- 
amanjal cMUm (sorghum) suffering from serious drought and highly Ktunted 
(Field No. 77) was taken up forexainimition, and its prus.sic acid contonts'comparcd 
with that of cholam growing in the adjacent part of the same fiekl. whicli had been 
supplied with di-aiii water and hud grown luxuriantlv. The stunted plants 
showed nearly 6 to 7 times the percentage of prussic add.'' TJiis effect of dmught 
was examined in a number of other fields also, and in each ease it was noticed 
that drought is one of the factors jwomoting the accumuktion of prussic add in 
cholam. 

8. Benaen and Sohha Rao (imQ) Bull iMpt. of Agriculture, Madras No 33 
GhaUm (sorghum vulgare) is largely used as cattle fodder throughout India, and 
several deaths of stock have been rupoi’tcd from time to time. 

Space does not permit of more ((inxtations from the wt>rks of different 
authors, but as Dr. Mclsaac is interesied in the subject. I give the following 
references for his information. ‘ 

1. Slade, H. B. (1903). Prussic 
Society, Vol. 25, No. 1, p. 26. 

2. B. M. (1924). Effect of Nitrate application upon Hydrocyanic 
acicl content of sorghum. Jemr. Agrle. Research, Vol. 27, p. 717. 

3. Pease, H. T- (1897). Poisoning of cattle by Andropogon sorghum. Jour, 
of Comp. Med. and Vety. Arch., Vol. 18, p. 679 


acid in sorghum* Jmir. Amer, Ohem., 
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4 . Maxwoll. w. ( 1903 ). 
VtO 13 , No. 6 , P- • 

5. Alway. N. 1- 
sorgliuin and mafee. i « * • 

6. Belfour, A 

7. Francis, C 
of the sorgluuii groups 

8. Avery. S. (1002) 

Mfd. and Vet. Arch. '. - 

9 . Dr. 
growing in 
on a dry ri 

10. Dr. A. C. 

Ind. Jnty, 1035, 

oyanogenotio glne 

andSor#ttm,OT(i 3 «r«iHonei 

in grasses ” the author has 
tiona, wilting. 


Sorghum i»isonm; 


U Gordon Mem. (ML 

K (1010). Poisoning of .y''ti.stin ' 

Vol. 23, No. 11, P- 
Stevn observed in a case of 

dae showed a strong reaction. 

Lcechmann in the OnderMepport 
gives along list of «« 

,oside. Tn the* list six varaOies .0 soig 
ifthoin. In this article n 

t diisenssed in detail the ini 

;, (ifonght: »d soil, ete, . on: Dw ! 

^of;tha:phMi<»,: ^ i 

ire has been shown to ki toxic, 

B worhl, it wouhl apiwr reasona 


Thaard ing this difterence 


ion of Hydrocyanic aedd poisoning is 
the hospital and tiins a vetcrinar 

to diagnose and treat a ease. 

y oases are seen the diagnosis will prr 
lam term and steps to have the i 


. lORHESPONDENcfc B'JH 

The begmiiing of my paper is ‘* The Bubject of plant poisoning in animals 
has received very little attention ill IiKlia, wMch is to the difficulty 

in its diagnosis from the clinical symptoms alone, and the fact that majority 
of field veterinarians are unable to secure the collabora tion of a chemist for a na- 
I,ysis of suspected sample of fodder or ingesta* ” In my article, stress is laid 
on chemical tests and a simple test for the detection of hj^clrocyanic acid is 
given which is suitable for adoption under field conditions. This would be of a 
great help in the diagnosis of hydrocyanic acdd poisoning* This is not a fact that 
cases of sorghum poisoning do not occur but they remain undiagnosed. It is 
regretted that Dr. Mclsaac has taken my paper as extremely alarming. I wish 
to emphasize that it was ratten merelj^ as a warning against the feeding of 
wilted and stunted sorghum plants. This warning is not from me only but also 
from leading research workers and chemists working in the Agnciiltural and 
Voter inary Departments in India and abroad. It is especially significant vben 
Mr. Acharya, working in an adjoining province found the highest percentage of 
hydrocyanic acid present in the stunted sorghum of Madras. What is true of 
Madras and other countries should apply to Mysore, provided the same conditions 
favoiuing the production of hydrocyanic acid exist. 

¥ui*ther Dr. Mclsaac says tliat ryots are unable to spend money on sulphur. 
The stunted jola should be dried in the shade to eliminate hydriajyanic axid before 
feeding it to cattle* They can certainly do this much, wiiich costs riothing. 
(Please see my article, page 

In South Africa a disease (Cteilsiekte) affecting sheep and cattle had been 
known for a long time, and Brown reported tlm in 1864, and MacOwen referreil 
to heavy losses caused by this disease in 1877. This coiidition remained undiag- 
nosed for a. long time oven in the hands of experts. It was Dr. >Steyn w'ho dis- 
covered the actual cause of Geilsiekte, for the first time in 1929, to be prussic acid 
poisoning due to the ingestion of wilted grasses. It is, therefore, not at all sur- 
prising if cases of sorghum poisoning remain undiagnosed in Mysore or elsewhere. 

It is not essential that stunted and wilted sorghum fed to cattle may prove 
toxic or fatal in all cases. There are certain factors whi(h influence tlm toxicity 
of sorghum. (Dor details please see my arthdo, page 377^), It; Is important ludh 
from professional and livestock viewpoints to test the stunted and wilted Jowar, 
especially when it is young, for the presence of hydrocyanic acid. Cattle having 
been fed on such sorghum airnl showing symptoms of poisoning or having flied 
tympanites within a few hours, should be suspected of hydrixyanic acwl poison- 
ing. The iiigesta should be examixied by the pierato method mentioned in my 
article (page 379*) or sent to the Chemical Examiner. 

Yours, etc.* ■ 

<5. K. Shabma. 

* FubMicd in the Indian Journal oj Vekrinary 8dtncc and Animal Hm^humhv^ Vol. 

Ft, lY, December, 1935. ^ 
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